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Preface 


We are delighted to publish the fifth book in a series in partnership with Springer 
about the emerging area of oncofertility now including pediatric and adolescent 
patients. There has been a remarkable increase in the number of options for adult 
male and female cancer patients since the publication of our first book Oncofertility: 
Fertility Preservation for Cancer Survivors (ed. Woodruff and Snyder, 2007). The 
second book Oncofertility: Ethical, Legal, Social and Medical Perspectives (eds. 
Woodruff, Zoloth, Campo-Engelstein, Rodriguez, 2010) addressed complex issues 
and created a broad dialogue globally around what is possible and needed for cancer 
patients in a variety of settings. We then turned our attention to a definitive book on 
medical practice Oncofertility Medical Practice: Clinical Issues and Implementation 
(eds. Gracia and Woodruff, 2012), which provides not only the most up-to-date 
information on clinical decisioning but also includes the IRB and consent proce- 
dures and forms. Since oncofertility is at the intersection of a variety of fields, creat- 
ing a way to communicate complex ideas across disciplines and patient groups led 
to a very popular Oncofertility Communication: Sharing Information and Building 
Relationships Across Disciplines (eds. Woodruff, Clayman, and Waimey, 2014). 
The books have been and are being translated into multiple languages, and, in many 
ways, I felt we had covered the intellectual terrain for this field. But it became abun- 
dantly clear that the emerging issues associated with pediatric and adolescent can- 
cer patients required a fresh look at this topic to inform the field about the concerns, 
gaps, current solutions, and research that will change the field in the coming years. 
I'm delighted that Dr. Yasmin Gosiengfiao, M.D., Attending Physician, Division of 
Hematology, Oncology & Stem Cell Transplantation, Ann & Robert H. Lurie 
Children's Hospital of Chicago, and Assistant Professor of Pediatrics, Northwestern 
University Feinberg School of Medicine, joined me in inviting an outstanding group 
of authors and soliciting diverse subject matter that will ensure that the reader is as 
up to date as possible. 

The chapters in this book start with a “must read" from Drs. Leslie Appiah and 
Dan Green outlining the “Fertility Risks with Cancer Therapy.” If you have time for 
only one chapter, this is the one to read. We then invited a group of experts in pedi- 
atric and adolescent female and male issues ranging from options, sexual function, 
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new research, and testing for gonadal reserve. Even as we think a great deal about 
oncofertility, this book also covers, for the first time, the emerging area of fertility 
management for patients with disorders of sex development and sexual minorities 
and fertility concerns for b-thalassemia patients. Pediatricians, endocrinologists in 
particular, are seeking information in this area that is contemporary and difficult, 
thinking about consent, assent, age, ethics, and other core issues. 

Finally, we give information on providing fertility preservation consults, the eth- 
ics of this field, and insurance and reimbursement issues as well as chapters that 
address issues that emerge from our Global Oncofertility Network. 

We had a great deal of help on this project from Leandra Stevenson, and the edi- 
tors thank her for ensuring this project could be completed in a timely fashion. 

We hope you enjoy Pediatric and Adolescent Oncofertility - Best Practices and 
Emerging Technologies — let us know what you think! 


Chicago, IL, USA Teresa K. Woodruff, PhD 
Chicago, IL, USA Yasmin Gosiengfiao, MD 
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Chapter 1 
Fertility Risk with Cancer Therapy 


Leslie A. Appiah and Daniel M. Green 


Introduction 


Advances in cancer treatments have significantly changed the outcome for pediatric 
cancers with 5-year survival rates approaching 75-80 %. With improvements in 
treatment, 1 in 25 cancer survivors will be of reproductive age [1]. Fertility compro- 
mise occurs in 8-12 % of female survivors [2] and one-third of adult male survivors 
of childhood cancer [3]. Manifestations of gonadal injury include disordered 
puberty from hormonal deficiency, decreased reproductive and sexual function, psy- 
chosocial effects, and menopause-related health problems in female survivors such 
as cardiac, skeletal, and cognitive dysfunction. Standard options for fertility preser- 
vation include sperm, oocyte, and embryo banking. Investigational options include 
testicular, ovarian, and immature oocyte cryopreservation [4, 5]. Most options are 
invasive and costly, and standard options in females require a minimum of 2 weeks 
of intervention prior to proceeding with cancer treatment [6]. Estimating risk prior 
to therapy allows determination and implementation of the appropriate fertility pre- 
serving therapies. Identifying agents that protect the ovary prior to and during can- 
cer therapy may mitigate the need for invasive and costly fertility preserving 
therapies while preserving hormonal function after cancer treatment. 
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Table 1.1 Effects of cancer therapy on male fertility 


Effect on 
spermatogenesis 
Treatment and transport Risk of infertility 
Surgery 
Removal of both testes Impaired 100 % 
Removal of one testis production Low 
Damage to hypothalamic/ Low — spermatogenesis 
pituitary gonadotropin may be stimulated with 
producing area exogenous gonadotropin 
Retroperitoneal lymph node | Impaired Variable — retrograde 
dissection transport ejaculation; sperm 
production not impaired 
Radiation therapy 
Irradiation of testes Impaired Fertility very unlikely if 
production testes dose » 7.5 Gy 
Irradiation of hypothalamic/ Dose-response 
pituitary gonadotropin relationship unclear; 
producing area dose « 30 Gy do not 
appear to produce 
damage 
Chemotherapy Alkylating agents Impaired Cyclophosphamide 
production equivalent dose (CED): 
<4 g/m? — risk of 
azoospermia < 15 96 
>4 g/m? — risk of 
oligo- or azoospermia 
250 96 
Estimating Risk 


Assessment of the risk for impaired fertility after therapy should be undertaken 
prior to initiation of therapy for optimal fertility preservation outcomes. Surgical 
procedures, radiation therapy, and chemotherapy can each impair fertility 
(Table 1.1). Gametogenesis and hormone production are differentially sensitive to 
treatment exposures in males, whereas these two functions are tightly linked in 
females. The risk factors for impaired fertility differ for males and females. 


Males 


Testicular surgery can affect production of sperm and hormones or interfere with 
transport of sperm [7]. Injury of the gonadotropin-releasing hormone area of the hypo- 
thalamus and/or the gonadotropin-producing anterior pituitary can also result in 
impaired spermatogenesis and sex steroid production [8]. Impaired transport may 
occur from damage to autonomic nervous system control of urethral sphincters and/or 
vasodilation secondary to retroperitoneal lymph node dissection or prostatectomy [9]. 
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Time to 30 months 
recovery 


9—18 months 


Azoospermia «60 days 


Time to onset of 
oligo/azoospermia 


Azoospermia 60 days 


Oligospermia 


Spermatids 


Stage of germ 


cells damaged Spermatocytes 


Spermatogonia 


Radiation dose ņ T T T T T 
(Gy) 0 1 2 3 4 5 


Fig. 1.1. Spermatogenesis following single-dose radiation. Howell. Spermatogenesis after cancer 
treatment: damage and recovery (J Natl Cancer Inst Monogr 2005;34:12-17) 


Testicular tissue is extremely radiosensitive with only small amounts of direct 
radiation required to cause significant impairment in spermatogenesis (Fig. 1.1). 
The immature stem cells and spermatogonia are most sensitive. Radiation to the 
testes markedly reduces the number of spermatocytes 2-3 weeks post-therapy with 
declines in ejaculated sperm counts by approximately 10 weeks. Azoospermia is 
typically present at 18 weeks post-therapy [10]. Spermatogenesis is significantly 
impaired at lower direct testicular radiation doses than is hormone production. 
However, both spermatogenesis and hormone production can be impaired after 
higher doses of radiation therapy delivered to the hypothalamic/pituitary area. 

The effect of chemotherapy on spermatogenesis is dependent on the type of che- 
motherapeutic agent. Normal sperm count typically recovers by 12 weeks post- 
therapy in patients treated with non-alkylating agents [11]. However, spermatogenesis 
is very sensitive to damage by alkylating agents including nitrogen mustard, procar- 
bazine, cyclophosphamide, ifosfamide, chlorambucil, and busulfan, with long- 
lasting effects on fertility [12]. The risk of azoospermia is approximately 10 % when 
the cyclophosphamide equivalent dose is less than 4 g/m?, whereas approximately 
one-quarter of individuals who receive more than this dose will retain a normal 
sperm concentration [13]. 


Females 


Surgery for ovarian tumors impairs fertility and hormone production by decreas- 
ing the number of follicles present. Fertility-sparing surgery is the standard of 
care for the management of early-stage, low-grade ovarian tumors in women who 
have not completed their childbearing. Surgical options include cystectomy for 
tumors of low malignant potential (borderline tumors) and unilateral 
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oophorectomy for malignancies [14—16]. When cystectomy is performed, the 
remaining ovary is typically able to compensate if no postoperative chemotherapy 
or radiation is given. Pelvic surgery for non-gynecologic malignancies can also 
have a deleterious effect on ovarian function by cytokine production and forma- 
tion of pelvic adhesions, with subsequent impaired folliculogenesis, ovulation, 
and tubal transport [17, 18]. 

All chemotherapeutic agents affect the mature follicle through DNA damage 
with subsequent apoptosis and temporary amenorrhea [19]. If the primordial follicle 
pool is unaffected, folliculogenesis will resume after completion of cancer treat- 
ment with resumption of menses. Alkylating agents such as cyclophosphamide, 
busulfan, and nitrogen mustard and heavy metals such as cisplatin have a deleteri- 
ous effect on the primordial follicles, diminishing the reserve pool [20]. Although 
patients who receive these therapies may resume menses due to follicular matura- 
tion of the remaining follicles, they subsequently experience accelerated folliculo- 
genesis and apoptosis with primary ovarian insufficiency [21]. 

Radiation injury to the ovaries is dose dependent. Specifically, younger age con- 
fers protection from post-therapy infertility because of the larger pool of primor- 
dial follicles present at the time of radiation treatment. Radiation doses greater than 
2 Gy result in a loss of 50% of ovarian follicles, described as the LD50 [22, 23]. 
Doses greater than or equal to 15 Gy and 6 Gy in adult and prepubertal patients, 
respectively, result in infertility. Irreversible damage to the uterus occurs at abdom- 
inopelvic doses greater than 30 Gy [24]. Radiation exposure to the hypothalamus 
and pituitary gland greater than 30 Gy affects production of gonadotropins with 
decreased folliculogenesis, decreased production of estrogen, and infertility [22]. 

Risk stratification from chemotherapy is based on the cumulative dose of alkylat- 
ing agents received due to high risk of gonadotoxicity. The alkylating agent dose 
(AAD) and the cyclophosphamide equivalent dose (CED) risk-stratification sys- 
tems allow calculation of risk (Fig. 1.1 and Table 1.2). Using the AAD, a score of 1, 
2, or 3 is given for the cumulative dose of each alkylating agent that falls within the 
first, second, or third cumulative dose tertile, respectively. The scores for individual 
agents are summed [25]. Patients with a score of 3 or 4 are at increased risk of infer- 
tility with a relative risk of pregnancy of 0.72 and 0.65, respectively [26]. The CED 
is calculated by summing the cyclophosphamide equivalents for cyclophosphamide, 
ifosfamide, procarbazine, chlorambucil, BCNU, CCNU, melphalan, ThioTEPA, 
nitrogen mustard, and busulfan [27] (Table 1.2). A CED » 7.5g/m? is associated with 
a relative risk of premature menopause of 4.19 (95 96 is 2.18—8.08). 

The AAD is based on drug dose distribution from the specific cohort of patients 
from which the drug dose distribution was derived, whereas the CED is derived 
from actual drug doses and therefore has applicability independent of the study 
population [27]. Risk stratification by alkylating agent should be performed prior to 
therapy to guide implementation of fertility preservation therapies based on risk. 
However, treatment regimens may change during the course of therapy, and in such 
instances, cumulative dose and risk assessment may be recalculated post-therapy. 
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Table 1.2 Estimating risk: alkylating agent dose (AAD) (Green. J Clin Oncol. 27:2677-2685) 


Tertile distribution of alkylating agents in cumulative dose 


Cumulative dose by rertile 
Alkylating agent First Second Third 
BCNU, mg/m? 1-300 301-529 530-3,370 
Busulfan, mg/m? 1-317 318-509 510-6,845 
CCNU, mg/m? 1-361 362-610 611-3,139 
Chlorambucil, mg/m? 1-165 166-634 635-3,349 
Parenteral cyclophosphamide, mg/m? 1-3,704 3,705-9,200 9,201—58,648 
Oral cyclophosphamide, mg/m? 1-4,722 4,723-10,636 10,637—143,802 
Ifosfamide, mg/m? 1-16,771 16,772-55,758 55,759-192,391 
Melphalan, mg/m? 1-39 40-137 138-574 
Nitrogen mustard, mg/m? 1-44 45-64 65-336 
Procarbazine, mg/m? 1-4,200 4,201-7,000 77,001—58,680 
Intrathecal thiotepa, mg 1-80 81-320 321-914 
Thiotepa, mg/m? 1-77 78-220 221-3,749 


Note: First tertile score is 1; second is 2; and third is 3 
Abbreviations: BCNU carmustine, CCNU lomustine 


CED (mg/m?) = 1.0 (cumulative cyclophosphamide dose (mg/m?)) + 0.244 (cumulative 
ifosfamide dose (mg/m?)) + 0.857 (cumulative procarbazine dose (mg/m?)) + 14.286 
(cumulative chlorambucil dose (mg/m?)) + 15.0 (cumulative BCNU dose (mg/m?)) + 16.0 
(cumulative CCNU dose (mg/m?)) + 40 (cumulative melphalan dose (mg/m?)) + 50 
(cumulative Thio-TEPA dose (mg/m?)) + 100 (cumulative nitrogen mustard dose (mg/m?)) + 
8.823 (cumulative busulfan dose (mg/m?)). 


Fig. 1.2 Cyclophosphamide equivalent dose calculation 


Minimizing Risk 


Several agents have been proposed as potentially fertoprotective, or conferring pro- 
tection against the damaging effects of chemotherapy and radiation (Table 1.3). 
Gonadotropin-releasing hormone agonists (GnRHa) are the most studied; however, 
results are conflicting. Several newer agents are currently being evaluated which 
show some promise. These agents include imatinib, bone marrow-derived mesen- 
chymal stem cells (BMMSC), sphingosine-1-phosphate (S1P), tamoxifen, granulo- 
cyte colony-stimulating factor (G-CSF), and AS101. GnRHa, tamoxifen, and 
G-CSF are the only agents that have been used in humans. Other therapies have 
shown promise in rodent and primate studies; however, concerns remain about 
interference with chemotherapeutic efficacy and perpetuation of damaged DNA cell 
lines with resultant fetal loss and/or malformation. Further studies are required to 
determine efficacy and safety in humans. 
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Table 1.3 Potential fertoprotective agents during cancer treatments 


Potential 

fertoprotective 

agents during 

cancer Studies 

treatments demonstrating | Studies 

Protective Mechanism of protective demonstrating | Interactions with 

agent action on ovary effect no effect cytotoxic treatments 

GnRH analog  |Direct effect on Rodent: Human: No interference with 
ovary is unclear; | Meirow et al. Gerber et al. treatment drugs 
suppresses (2004), Li (2011), 
hypothalamic- et al. (2013) Munster et al. 
pituitary-ovarian | Primate: Ataya | [28], Elgindy 
axis, possible et al. (1995) et al. (2013), 
ovarian Human: Demeestere 
quiescence Badawy etal. | et al. (2013) 

(2009), 
Severrisdottir 
et al. (2009), 
Del Mastro 
et al. (2011), 
Demeestere 
et al. (2013) 

Imatinib Inhibit c-Abl Rodent: Rodent: Kerr | May interfere with 
kinase apoptosis | Gonfolini et al. [29] apoptotic action of 
pathway et al. (2009) chemotherapy drugs 

Bone marrow — | Tissue Rodent: Kilic | NTD May cause 

mesenchymal | differentiation, et al. (2004), chemotherapy drug 

stem cells angiogenesis, Fu et al. [30], resistance with 
anti-apoptosis Rabbit: cisplatin 
Abd-Allah 
et al. [31] 

SIP Inhibit Rodent: Rodent: Kaya | May interfere with 
sphingomyelin Morita et al. et al. [34] apoptotic action of 
apoptosis [32], chemotherapy drugs 
pathway Jurisicova 


et al. (2009), 
Hancke et al. 
[33], Kaya 

et al. [34] 
Primate: 
Zelinski et al. 
[35] 

Human 
xenograft: 
Zelinski et al. 
[35] 


(continued) 
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Table 1.3 (continued) 


Potential 
fertoprotective 
agents during 
cancer Studies 
treatments demonstrating | Studies 
Protective Mechanism of protective demonstrating | Interactions with 
agent | action on ovary | effect |no effect cytotoxic treatments 
Tamoxifen Anti-apoptotic Rodent: Ting Human: Adjuvant therapy; no 
activity; et al. [36], Sverrisdottir interference with 
antioxidant Mahran et al. et al. [38] treatment drugs 
activity via [37] 
IGF-1 axis; 
possible H-P-O 
axis suppression 
AS101 Inhibits P13K/ Rodent: NTD No interference w/ 
PTEN Akt Kalich- treatment drugs 
follicle activation | Philosoph May have additive/ 
pathway; et al. [39] synergistic interaction 
| anti-apoptosis w/treatment drugs 
Growth-colony | Unclear: possibly | Rodent: NTD No interference with 
stimulating angiogenesis; Skaznik- treatment drugs 
factor (G-CSF) | anti-apoptosis Wikiel et al. 
[40] 


Gonadotropin-Releasing Hormone Agonist 


Gonadotropin-releasing hormone agonist (GnRHa) therapy is the most studied 
fertoprotective agent, but with conflicting results [41-43]. Reasons include end- 
points that do not predict long-term ovarian function such as resumption of 
menstruation, follicle-stimulating hormone (FSH) and estradiol levels, and a 
lack of data on pregnancy outcomes. Additionally, studies that used different 
GnRHa therapies had short follow-up periods and few were randomized [28, 
44]. A recent prospective study with 257 patients used similar endpoints with 
inclusion of pregnancy outcome and survival and showed improved pregnancy 
outcomes with goserelin in hormone receptor negative breast cancer patients 
receiving adjuvant therapy [45]. Ultimately, meta-analysis of GnRHa therapy 
has shown ovarian protection in breast cancer patients, but widespread use of 
GnRHa therapy as an ovarian protective agent in all malignancies cannot be 
recommended at this time [42]. For this reason, additional agents have been 
evaluated for efficacy. 
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Imatinib 


Imatinib is a competitive tyrosine kinase inhibitor used for cancer treatment. 
Chemotherapy induces c-Abl-mediated upregulation of tumor suppressor pro- 
tein p63 (a homolog of p53) with resultant apoptosis. Rodent studies show that 
when given prior to cisplatin, imatinib is a potent inhibitor of c- Abl-mediated 
upregulation and blocks apoptosis of cells. Mice treated with imatinib prior to 
cisplatin show reduced primordial follicular loss and normal progeny [46, 47]. 
However, other studies show no protection with imatinib in two independent 
mice strains [29]. Additionally, the authors show that genetic effects on the 
oocyte result in early embryonic mortality and marked aneuploidy. There remain 
concerns regarding whether imatinib- and cisplatin-treated oocytes that do not 
undergo apoptosis harbor DNA damage that may result in miscarriage or birth 
defects [48, 49]. The question also remains whether imatinib reduces the effi- 
cacy of cisplatin on the primary tumor target while upregulating the effects of 
cisplatin in other cell types [50]. 


Bone Marrow-Derived Mesenchymal Stem Cells 


Bone marrow-derived mesenchymal stem cells (MSC) have been used to treat 
various diseases because of their self-renewal capacity and multi-potency [51, 
52]. For example, stem cells have been successfully employed for tissue repair 
after spinal, renal, and myocardial injury [53, 54]. The potential benefit of stem 
cell therapy after acute tissue damage appears to be related to tissue integration 
and differentiation to replace damaged cells, angiogenesis, and anti-apoptosis. 
Adult MSC have not been unequivocally proven to differentiate into follicles; 
however, several rodent studies have been conducted to assess the role of MSC 
as an ovarian protective agent from chemotherapy. Kilic et al. showed preserva- 
tion of primordial and primary follicles in in vivo rat MSC studies, suggesting 
that MSC may preferentially migrate to the injured follicular cells and repair the 
ovarian tissue by decreased programmed cell death [55]. Similarly, Fu et al. 
demonstrated an increase in follicle number as well as a normalization of FSH 
and estradiol levels after several weeks in rodents treated with MSC after cyclo- 
phosphamide therapy [30]. They also illustrated in vitro production of angio- 
genic and anti-apoptotic cytokines, including vascular endothelial growth factor 
(VEGF), insulin-like growth factor (IGF-1), and hepatocyte growth factor 
(HGF) from MSC. Effects of therapy on progeny were not assessed in either 
study. Abd-Allah et al. further demonstrated MSC protection of ovarian follicles 
in rabbit studies and were able to show in vivo cytokine production [31]. Despite 
the potential promise of MSC as an ovarian protection agent, studies of MSC 
injected intravenously in rodent models have shown that MSC may mediate 
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tumor resistance to cisplatin [56]. Therefore, route, dose, and efficacy of MSC 
as an ovarian protective agent in primates and humans are warranted. 


Sphingosine-1-phosphate (S1P) 


There are several apoptotic pathways, including the pathway which triggers apopto- 
sis of ovarian follicles. In the pathway, sphingomyelin is degraded to ceramide which 
has pro-apoptotic effects. Ceramide is subsequently degraded to sphingosine and 
then sphingosine-1-phosphate (SIP) through hydrolysis. Sphingosine-1-phosphate 
regulates proliferative cellular processes, including cell growth and cell differentia- 
tion, and inhibits apoptosis [33]. In vivo mice studies of ovarian tissue xenografts 
treated with SIP show increased vascular density and angiogenesis with reduced 
follicular apoptosis. However, in mice treated with SIP pre-chemotherapy, the evi- 
dence is inconclusive, with some studies showing a protective effect in the presence 
of dacarbazine [33] and others showing no effect in the presence of cyclophospha- 
mide [34]. Conversely, S1P treatment prior to radiation therapy has been shown to be 
effective in a dose-dependent manner with preservation of both primordial and pri- 
mary follicles in rats, primates, and xenografted ovarian tissue [32, 34, 35]. Male 
mice who received local treatment with S1P prior to radiation were also shown to 
have protection of early stages of spermatogenesis [57]. Limitations of S1P are that 
it must be injected into tissue rather than administered systemically, thus limiting its 
clinical usefulness. A benefit of this targeted treatment is that it may minimize inter- 
ference with cancer therapy efficacy in other tissues. This has not been adequately 
studied, however. Lastly, consistent with concerns with other fertoprotective agents, 
inhibition of follicular apoptosis with S1P may result in transmission of genetically 
damaged DNA. Studies of offspring in mice and primates treated with S1P prior to 
radiation showed no propagation of DNA damage and no abnormalities in the off- 
spring [58]. 


Tamoxifen 


Tamoxifen is a selective estrogen receptor modulator (SERM) with agonist-antagonist 
properties used as adjuvant treatment of hormone sensitive breast cancer. Rodent stud- 
ies have shown ovarian protection with tamoxifen administered prior to cyclophos- 
phamide [36]. Tamoxifen has also been shown to be protective when given prior to 
radiation treatment in rats with a reduction in loss of primordial follicles and increase 
in AMH [37]. Human studies with tamoxifen given post-chemotherapy have shown 
no protection [38]. Human studies evaluating the effects of tamoxifen as an ovarian 
protective agent have been conflicting due to study design and use of different 
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endpoints [59]. Furthermore, the postulated mechanism of action remains unclear. 
Studies suggest that the protective effects of tamoxifen may be due to the anti-apop- 
totic and antioxidant effects of its estrogen-agonist properties [60, 61]. Protection may 
also result from increased transcription and translation of IGF-1 which has been 
shown to augment granulosa cell FSH receptor expression in the ovary and potentiate 
FSH action. Lastly, antagonist effects of tamoxifen are similar to GnRHa with down- 
regulation of the H-P-O axis and ovarian quiescence which may also have a protective 
role. Well-designed human studies are warranted to assess the protective effect of 
tamoxifen on ovarian function during chemotherapy and radiation. 


AS101 


AS101 is a tellurium-based immunomodulator that inhibits the PI3K/PTEN/Akt 
pathway and has anti-apoptotic and anti-inflammatory properties [62, 63]. AS101 has 
been shown to be protective against hematopoietic damage in mice treated with cyclo- 
phosphamide without adversely affecting treatment outcome [64—67]. It has also been 
shown to have antitumor effects in mice and human studies and synergistic effects 
with cyclophosphamide [64, 67—69]. Studies of gonadal protection in mice have simi- 
larly shown AS101 to protect against chemotherapy-induced follicular damage and 
reduce sperm DNA damage without interfering with cancer treatments [39, 70]. The 
proposed mechanism of action is inhibition of activation and loss of dormant primor- 
dial follicles during chemotherapy as well as reduced apoptosis in the granulosa cells 
of growing follicles of particular benefit, AS101 can be administered systemically. 
Human studies further evaluating the effect on gonadal protection are warranted. 


Granulocyte Colony-Stimulating Factor (G-CSF) 


Granulocyte colony-stimulating factor (G-CSF) is a polypeptide with growth factor 
and cytokine properties that stimulates granulocyte and stem cell production from 
the bone marrow and promotes neovascularization following ischemia [71, 72]. In 
mice studies, G-CSF has been shown to prevent damage to microvessels and signifi- 
cantly reduce destruction of primordial follicles caused by the alkylators cyclophos- 
phamide and busulfan [40]. Additionally, next-generation breeding showed no 
adverse effects in the offspring. G-CSF has also been shown to be protective against 
the effects of cisplatin in mice models with improvement in follicular number and 
AMH levels [73]. It is postulated that with neovascularization, G-CSF decreases 
chemotherapy-related blood vessel loss and the associated focal ischemia seen in 
chemotherapy-related follicle loss [20]. Potential direct effects on the follicle remain 
unclear; however, anti-apoptotic mechanistic action of G-CSF has been proposed 
[74, 75]. The advantage of G-CSF over other agents is that it is currently used in 
breast cancer patients and patients undergoing autologous bone marrow 
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transplantation for prevention of chemotherapy-induced neutropenia and has been 
shown not to reduce the efficacy of chemotherapeutic agents [76]. Further studies 
are warranted to establish the specific mechanism of action and optimal timing and 
dosage of G-CSF during chemotherapy in humans. 

In the future, different fertoprotective agents may be tailored to cancer treatment 
regimens. To achieve this goal, rodent and primate studies that demonstrate safety 
and efficacy need to be translated into human studies. Agents currently used in 
humans for other indications need to be evaluated in prospective studies to better 
assess efficacy as a fertoprotective agent. To adequately study these treatments, les- 
sons from GnRHa studies are helpful: endpoints must be accurately defined and 
reproductive and survival outcome measured. Accurate endpoints may include post- 
treatment follicular number and reliable and reproducible markers of ovarian 
reserve. Lastly and most importantly, therapies must show that administration dur- 
ing cancer treatment does not affect treatment outcome or result in propagation of 
DNA damage leading to fetal loss and/or malformation. Identification of successful 
fertoprotective agents will enhance therapeutic options to preserve fertility and 
restore hormonal function after cancer treatment. 


Conclusion 


Improved quality of life in survivorship must now be our collective goal as oncofer- 
tility specialists. As we protect the vital cardiac, pulmonary, renal, and cognitive 
functions of our patients, so also must we protect reproductive and sexual function. 
Without this protection, we leave a very significant proportion of society without 
the ability to fulfill a very basic and fundamental human need. Estimating risk prior 
to cancer treatment allows identification of harm with stratification of those most at 
risk. Minimizing risk through the development of fertoprotective agents decreases 
the need for invasive, costly, and time-consuming fertility preservation therapies. 
Standardizing care to incorporate both risk-reducing strategies provides the best 
care for our patients and will allow us to achieve our gold standard of comprehen- 
sive and timely care. 
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Chapter 2 
Fertility Preservation Options for Female 
Pediatric and Adolescent Oncology Patients 


Kathleen Shea and Jennifer Levine 


Introduction 


Maintaining the ability to have biologic children has been identified as an important 
component to post cancer quality of life in survivors [1, 2]. Achieving this in 
younger cancer patients has become more feasible secondary to improvements in 
reproductive technology [3]. Healthcare providers are now increasingly called 
upon to be familiar with the indications and options for fertility preservation in 
female pediatric and adolescent cancer patients [4]. Type of cancer, age, pubertal 
development, severity of illness at time of diagnosis, and type of treatment all 
impact decision making related to fertility preservation [5]. Patients at high risk 
include those receiving high-dose alkylating agents and pelvic radiation which 
lead to depletion of ovarian reserve and radiation to the brain that may interfere 
with the hypothalamic-pituitary-gonadal axis and those requiring surgical resec- 
tion of reproductive structures. Patients receiving alkylating agents combined with 
pelvic radiation or total body irradiation and those that are older age at time of 
treatment are also at high risk for infertility [6]. This chapter will give an overview 
of current options for fertility preservation for female pediatric and adolescent 
cancer patients. 
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Protection of Ovarian Function 


Ovarian Transposition 


Ovarian transposition, also known as oophoropexy, involves surgically relocating 
the ovaries out of the field of radiation. By decreasing exposure to radiation, trans- 
positioncanreducetheincidence of premature ovarian failure [7]. Rhabdomyosarcoma 
of the bladder, vagina, or uterus or soft tissue or pelvic bone sarcomas, such as 
Ewing's sarcoma, are the main diagnostic indications for ovarian transposition in 
children. The procedure can be done laparoscopically or with concomitant laparot- 
omy. The optimal timing is just prior to radiation therapy, as the ovaries can migrate 
back to the pelvis. If placed correctly, radiation exposure can be reduced by 90—95 %. 
However, patients need to be made aware that due to radiation scatter, ovaries are 
not always protected, and this technique is not always successful. Results are depen- 
dent on other variables such as age of patient, dose of radiation, degree of scatter, 
whether ovaries were shielded, and if gonadotoxic chemotherapy was also used [8]. 

An additional procedure to reverse the transposition may be necessary to facili- 
tate either spontaneous pregnancy or assisted reproduction if the ovary is not in 
close proximity to the fallopian tube [9]. Alternatively, transabdominal monitoring 
and harvesting of oocytes during assisted reproduction may be utilized. 
Transabdominal harvesting may result in fewer oocytes obtained compared to use 
of transvaginal ultrasound, but equal efficacy in terms of fertilization rates, embryo 
number and quality, and pregnancy rates [10]. Although ovarian transposition is 
generally well tolerated, potential side effects include pelvic pain, necrosis, and 
ovarian torsion [11]. While few long-term results in adults are available, transposi- 
tion has been reported to be effective at maintaining endocrine function, although it 
has had less success as a fertility preservation procedure [8]. The American Society 
of Clinical Oncology (ASCO) 2013 Guidelines for adults recommend discussing 
the option of ovarian transposition when pelvic radiation therapy is performed as 
cancer treatment [12]. For children, ASCO recommends providing information on 
methods that are investigational, and some would recommend ovarian transposition 
be discussed at a multidisciplinary meeting at the time of cancer diagnosis [8]. 


Ovarian Suppression 


Strategies to protect the ovaries during chemotherapy include the use of 
gonadotropin-releasing hormone (GnRH) analogues. Though widely studied, effi- 
cacy of this approach has been conflicting; ASCO currently advises that there is 
insufficient evidence to support GNRH analogues as a means to preserve fertility 
[12]. Following the publication of the ASCO guidelines, the use of goserelin for 
ovarian suppression during chemotherapy for breast cancer appeared to protect 
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against ovarian failure, reduce the risk of early menopause, and improve prospects 
for fertility [13]. Well-designed studies in the pediatric population across a variety 
of diagnoses and ages remain necessary to ascertain the effectiveness of this strat- 
egy in this population. 


Assisted Reproductive Endocrinology 


Embryo and Oocyte Cryopreservation 


Embryo and oocyte cryopreservation are considered standard of care fertility pres- 
ervation options in postpubertal patients at risk of ovarian failure [12]. Oocyte cryo- 
preservation was designated nonexperimental by the American Society for 
Reproductive Medicine (ASRM) in 2012 [14]. Embryo cryopreservation is an 
established fertility preservation method with live birth rates of 30—40 96 per embryo 
transferred in the general US population, with only slightly lower rates of live births 
from cryopreserved oocytes [15]. Furthermore, there is good evidence that fertiliza- 
tion and pregnancy rates are similar to in vitro fertilization/intracytoplasmic sperm 
injection (IVF/ICSI) with fresh oocytes when vitrified/warmed oocytes are used as 
part of IVF/ICSI for young women [14]. Although data are limited, no increase in 
chromosomal abnormalities, birth defects, and developmental deficits has been 
reported in the offspring born from cryopreserved oocytes when compared to preg- 
nancies from conventional IVF/ICSI and the general population [14]. 

Both embryo and oocyte cryopreservation require controlled ovarian stimulation 
(COS) with daily injectable gonadotropins, traditionally beginning on the third day 
of the menstrual cycle and continuing daily for 10—12 days on average. The poten- 
tial risks of COS include mild to severe ovarian hyperstimulation syndrome or intra- 
abdominal bleeding. It is estimated that severe hyperstimulation syndrome will 
occur in 0.4—2.0% of women during ovarian stimulation [16]. Ovulation is trig- 
gered by a single dose of human chorionic gonadotropin, and transvaginal oocyte 
retrieval is performed 34-36 h later under sedation. Newer, more flexible protocols 
have been developed where ovarian stimulation is not dependent on the timing of 
the menstrual cycle, resulting in fewer delays and shorter time to treatment initiation 
[17-20]. The number of total and mature oocytes retrieved, oocyte maturity rate, 
mature oocyte yield, and fertilization rates has been reported to be similar in ran- 
dom- (n 235) and conventional-start (n 293) COS cycles [19]. However, even if the 
process may be completed in 2-3 weeks, this may still be too long of a delay for 
patients that urgently require the start of treatment. 

In those who can delay the start of treatment, oocyte cryopreservation may be 
preferred by younger pubertal patients, patients without partners, those who do not 
wish to use donor sperm, and/or those who have religious or ethical objections to 
embryo freezing [21, 22]. For those individuals who do wish to preserve embryos, 
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harvested oocytes are fertilized in vitro either with partner or donor sperm and then 
cryopreserved. Intracytoplasmic sperm injection (ICSI) may be recommended to 
offset the risk of fertilization failure. Newer cryopreservation techniques such as 
vitrification have been shown to result in higher survival, fertilization, implantation, 
and pregnancy rates than slow-freezing techniques [23-26]. 

Despite the technical availability of these procedures, barriers continue to exist 
in their practical clinical application. Far more medical practitioners believe that 
pubertal female patients should be referred to a fertility specialist at diagnosis than 
those that actually make such a referral [27]. As noted above, the time to complete 
an embryo or oocyte cryopreservation cycle often exceeds the timeframe that 
patients and medical practitioners are willing to delay the start of therapy [28]. For 
many patients, the cost of oocyte or embryo cryopreservation and future IVF cycle 
may be prohibitive with fees in the USA between approximately $7,000 and $15,000 
for a cycle [29]. Many insurance companies will not cover the cost of fertility pres- 
ervation procedures as cancer patients do not meet the criteria of infertility, i.e., they 
have not been trying to achieve pregnancy for more than 1 year [30]. 


Ovarian Tissue Cryopreservation and Transplantation 


An experimental option that is increasingly being performed, ovarian tissue 
cryopreservation, involves surgically removing all or part of the cortex of the ovary. 
The tissue, which contains thousands of primordial follicles, is cut into strips and 
cryopreserved. As the process does not require hormonal stimulation, it is the only 
fertility preservation technique involving gonadal tissue that is available to prepu- 
bertal girls or pubertal girls in whom initiation of treatment cannot be delayed [31, 
32]. Following completion of treatment, when fertility is desired, the ovarian tissue 
can be thawed and transplanted orthotopically, i.e., at the site of the ovaries, or 
heterotopically, i.e., at another location. Once transplanted, the follicles within the 
ovary have the potential to mature when appropriately stimulated. Approximately 
40 live births have been reported utilizing orthotopic re-transplantation in individu- 
als who were postpubertal at the time of retrieval [5, 33]. No live births have been 
reported in individuals who were prepubescent at the time of tissue cryopreserva- 
tion. However, a live birth has been reported after autograft of ovarian tissue in a 
patient who had initiated puberty but was premenarchal at the time of the cryo- 
preservation. The patient, who had sickle cell disease, had developed primary ovar- 
ian failure after a myeloablative conditioning regimen as part of a hematopoietic 
stem cell transplantation [33]. 

Because of its investigational nature, ovarian tissue cryopreservation should be 
performed in centers with clinical expertise under IRB-approved protocols that 
include follow-up for recurrent cancer [12]. Obtaining tissue requires a surgical 
procedure with anesthesia, although ideally this could be coordinated with other 
procedures required for evaluation or treatment [34]. Maturation of immature folli- 
cles retrieved from ovarian tissue remains an area of critical research. The capacity 
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for in vitro maturation would negate the need to autotransplant the ovarian tissue 
in vivo [35] and would prevent the risk of reintroducing cancerous cells that may be 
present in transplanted ovarian tissue [36]. 


Assessment of Ovarian Reserve 


Discussions about reproduction should continue posttreatment and during survivor- 
ship for all patients. Patients who have developed acute ovarian failure (AOF) fol- 
lowing the completion of cancer-directed therapy can be identified by lack of entry 
into puberty or sustained amenorrhea and sustained elevations of FSH in the meno- 
pausal range in pubertal patients. These patients should be referred to an endocri- 
nologist for consideration of hormone replacement. Determining which patients 
have experienced a decrease in their ovarian reserve insufficient to result in AOF, 
referred to as premature menopause (PM), has remained a much more elusive goal. 
The Children's Oncology Group (COG) currently recommends screening patients 
exposed to gonadotoxic therapy for Tanner stage and pubertal, menstrual, and preg- 
nancy history. Current guidelines recommend screening follicle-stimulating hor- 
mone (FSH), luteinizing hormone (LH), and estradiol levels beginning at age 13 
[37]; however, these measures are very inexact and are likely to become abnormal 
only once ovarian reserve is significantly compromised. Early follicular phase FSH, 
anti-Mullerian hormone (AMH) (a product of antral follicles), and ultrasound 
assessments of antral follicle count are utilized in the reproductive endocrinology 
community to evaluate fertility and potential response to fertility interventions [38] 
and show promise as better surrogate measures of remaining ovarian reserve. 
Refining this estimate is crucial to allowing more accurate counseling of pediatric 
and adolescent cancer survivors about their reproductive options post therapy. 


Reproductive Options Post Therapy 


Donor Oocytes and Embryos 


Patients who are in AOF may consider options such as utilization of donor oocytes or 
embryos if their uterus has not been impaired by cancer-directed therapy such as radi- 
ation. Oocytes from another woman (either a non-anonymous or anonymous donor) 
may be fertilized with the recipient's partner's sperm or with donor sperm and placed 
in the recipient's uterus. The oocyte donor receives the same ovarian stimulation regi- 
men used during an IVF cycle. The recipient receives hormonal medication to modify 
her cycle in preparation for the embryo transfer. If pregnancy is achieved, hormonal 
treatment continues through at least the twelfth week of pregnancy. Woman without 
ovaries may achieve pregnancy with the use of exogenous hormones [39]. The use of 
donated embryos may also be considered in couples with infertility affecting both 
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partners, infertility in a single woman, or couples with genetic disorders. IVF cycles 
may result in unused embryos that may be destroyed, donated to research, or donated 
to another woman to achieve pregnancy. Recipients need to be counseled and informed 
of the complexities involved in potential relationships between donors and recipients 
and individual state laws regarding parentage during pregnancy and after birth. Rates 
of success are dependent on the age of the donor woman, quality of embryos at the 
time of freezing, and number of embryos transferred [39]. 


Fertility Preservation Post Therapy 


Many patients who are treated with gonadotoxic agents as children and adolescents 
will retain reproductive potential post treatment but will be at risk of premature 
menopause [40]. For these patients, it is important to conduct conversations regard- 
ing their plan for starting a family. While it remains virtually impossible to deter- 
mine the remaining reproductive window for a given individual, cryopreserving 
oocytes or embryos post completion of therapy may be of interest to individuals 
who are not certain when they might want to start a family. Recent evidence also 
suggests that even individuals with evidence of premature menopause can achieve 
pregnancies with the use of assisted reproduction such as IVF/ICSI [41]. 


Gestational Carrier 


A gestational carrier or gestational surrogate is an arrangement between a woman 
who carries and delivers a baby for another person that is the intended parent. This 
option may be considered by a woman who does not have a uterus, has uterine dam- 
age or scarring, or has a condition that prevents her from carrying a pregnancy to 
term. This option involves an IVF cycle with embryos made from donors or the 
intended parent and not the gestational carrier. Medical and psychological screening 
is required for gestational carriers. Intended parents have genetic, medical, and psy- 
chological evaluations. Intended parents need to obtain legal counsel regarding state 
laws and gestational carrier contracts [42]. 


Adoption 


Patients not able to have biologic children may consider adoption as a means of 
family building. Cancer survivors may face more challenges such as additional 
medical documentation of their health status and a required 5-year off treatment 
waiting period [43]. Individuals and couples would need to explore the various sce- 
narios surrounding adoption such as domestic or international origins, open or 
closed adoption, and comfort level accepting an infant or older child, siblings, or 
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medically fragile children. Many agencies and individual countries have age, 
income, and marital status requirements. Birth mothers choosing adoptive parents 
may have ethnic and/or religious preferences. Adoption agencies and lawyers guide 
candidates through the adoption process. Adoption is costly with fees ranging from 
$29,000 to $49,000 for domestic adoption and $17,000 to $28,000 for international 
adoptions. The Internal Revenue Service offers a federal tax credit (maximum 
$13,400) for adoptive families. Some states may have programs for adoption of 
children from foster care systems that may be less costly. 


Access to Fertility Preservation 


First and foremost in ensuring access to fertility preservation procedures for pediatric 
and adolescent cancer patients and their families is establishing notification of risks 
to fertility and possible fertility preservation options as standard of care. Multiple 
publications have demonstrated that this is not currently the case [44—46] . Despite 
ASCO guidelines advising oncologists to discuss fertility risks and preservation 
strategies and make referrals to reproductive endocrinologists, over half are not doing 
so. Often cited barriers are lack of proper training and knowledge about referrals and 
perception that patients could not delay treatment to pursue options and patients were 
not interested in discussing fertility because it was not mentioned [47]. Female 
oncologists and those with favorable attitudes toward fertility preservation and those 
with patients that ask about fertility preservation are more likely to refer to reproduc- 
tive specialists [48]. In 2013, ASCO updated its guidelines to include other physi- 
cians as well as nurses, psychologists, and other nonphysician providers as candidates 
for disseminating information to patients regarding fertility preservation [12]. 
Institutions are increasingly developing fertility programs that provide guidance 
about the elements necessary to effectively inform patients about their risks and 
options and create workflows and infrastructure to provide timely referrals to repro- 
ductive endocrinology. The key elements include developing institutional policies 
that demonstrate a commitment to fertility preservation, creating a team of individu- 
als who "champion" the provision of these services, developing educational 
resources for patients and families as well as clinical staff, and developing estab- 
lished relationships with reproductive endocrinologists [49-51]. Programs such as 
LIVESTRONG provide assistance to financially eligible patients with the cost of 
medication and contract with agencies across the USA to provide services as reduced 
cost for cancer patients (http://www.livestrong.org/we-can-help/fertility-services). 


Ethical Considerations 


As outlined above, there are numerous concerns that appropriate access to fertility 
preservation options exists. Despite significant study in the area of gonadotoxicity, it 
remains extremely difficult to assess the risk for AOF or PM in a given individual prior 
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to the start of cancer-directed therapy. Because there is also limited data related to the 
overall efficacy of the various fertility cryopreservation techniques specifically in the 
pediatric oncology population clinicians, patients and parents must often make deci- 
sions about expensive, invasive procedures with limited information during an already 
emotional time [52]. Given that there is no standardization of coverage of these proce- 
dures by insurance companies, there is also the concern that socioeconomic disparities 
may exist based upon who is able to pay and therefore access interventions [22]. 

In the pediatric population, minors will be asked to provide their assent for pro- 
cedures that are related to issues, i.e., family planning, that they may be ill-saited to 
consider. Disposition of stored ovarian tissue, oocytes, or embryos in the setting of 
a patient's death remains an issue of concern, particularly in the pediatric setting 
where a patient is under the age of 18 and is not legally able to determine disposition 
of stored tissue. While there are mechanisms by which stored tissue would not be 
able to be utilized unless the patient has reached maturity and consented to the use 
of the tissue, controversies remain [52]. In the setting of embryos, the situation is 
further complicated by the wishes and desires of the individual who provided the 
sperm. Disposition of unused tissue, oocytes, or embryos can also present moral and 
religious conflicts if the patient is able to become pregnant via intercourse or assisted 
reproduction and does not require use of the stored tissue. 


Future Directions 
Generation of Gametes from Somatic Cells 


Ovarian tissue cryopreservation followed by orthotopic or heterotopic transplanta- 
tion is currently the only method of fertility preservation for prepubertal girls and 
the only method available to pubertal girls and adolescents that cannot delay ther- 
apy to do oocyte cryopreservation. Research studying the development of ovarian 
follicles in vitro is underway. This presents significant challenges given the complex 
systems involved in oocyte development and maturation. Researchers are exploring 
ways to apply current culture systems to the growth and development of 
cryopreserved-thawed follicles for clinical use in patients who have banked ovarian 
tissue. This would eliminate the need for additional reimplantation surgery, elimi- 
nate the risk of reintroduction of potentially diseased ovarian tissue into a healthy 
recipient, and present an option when treatment cannot be delayed [53—55]. 


Coverage of Fertility Preservation by Insurance 


As noted above, fertility preservation costs are generally not covered by most insur- 
ance companies as most cancer patients do not fit the insurance companies' defini- 
tion of infertility that is being unable to achieve pregnancy after 1 year of trying. 
Arguments have been made that given the iatrogenic nature of infertility among 
patients with cancer, different eligibility criteria should be applied to these patients 
when considering fertility preservation interventions [56]. 
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Conclusion 


Increased knowledge about the importance of fertility preservation for pediatric and 
adolescent patients with cancer and improvements in assisted reproduction tech- 
niques has increased the likelihood that meeting the family planning goals for survi- 
vors of cancer has and will continue to improve over time. Fully meeting this goal 
means refining risk, developing the institutional infrastructure to identify patients at 
risk in a timely fashion, streamlining referrals to the appropriate subspecialists, 
advocating for insurance coverage for fertility preservation procedures, and continu- 
ing to move the research agenda forward to advance the efficacy of available options. 
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Chapter 3 
Assessing Ovarian Reserve 


Yasmin Gosiengfiao and Veronica Gomez-Lobo 


Background 


Female cancer survivors are known to be at risk for decreased fertility and early 
menopause. Fertility is defined as the ability to produce young [1—3]. Conversely, 
infertility is defined by the failure to achieve a clinical pregnancy after 12 months or 
more of regular unprotected sexual intercourse [4]. Having pregnancies thus would 
be the best measure of fertility. Using pregnancies as a measure of fertility, however, 
limits one to waiting until a childhood cancer survivor has grown into an adult and 
has attempted to get pregnant. Even among adults, not all adult women attempt to 
get pregnant. Thus, surrogate measures of fertility are necessary to assess the effect 
of chemotherapy/radiation/surgery on fertility. 

Most cancer survivors experience infertility due to direct effects of treatment 
on the ovary or testes. The initial number of follicles in humans is established in 
utero at 5 months gestation with approximately ten million primordial follicles. 
This number of follicles (or ovarian reserve) diminishes in utero and after birth 
to nearly 500,000 at menarche and continues to decline thereafter until these fall 
below a certain threshold and menopause appears [5]. Ovarian reserve is the 
concept that views reproductive potential as a function of the number and quality 
of oocytes. Radiation and other gonadotoxic agents are thought to affect the 
number of follicles by possibly accelerating this process of attrition [2, 6-8]. The 
effect of treatment on an individual patient's ovarian reserve depends on many 
factors including: the age at the time of gonadotoxic treatment, the type and dose 
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of therapy, genetic factors, previous illnesses, and prior infertility. It is important 
to note that even before menopause (or the cessation of menses) is noted, the 
number and/or quality of the follicles may preclude pregnancy [9]. Infertility 
may be caused by decreased ovarian reserve or sperm production, but other 
causes such as tubal, uterine, and cervical factors may influence fertility. Thus, 
surrogate measures of ovarian or testicular reserve do not fully measure fertility 
potential. 


Assessing Ovarian Reserve 


There are several markers that have been used to assess ovarian reserve (OR). It 
should be noted, however, that most of the research regarding these markers has 
been performed in healthy ovarian aging and women seeking treatment for infertil- 
ity and debate still remains regarding the ability of these markers to predict oocyte 
quality, quantity, and fecundity in healthy women. Furthermore, it is important to 
note that these tests are "screening" tests that would be helpful only if they predict 
ovarian reserve prior to menopause or ovarian insufficiency [6]. Thus, these markers 
may not be good measures of fertility for young women treated with gonadotoxic 
agents [10]. 


Menstrual Cycles 


In 2006 the American College of Obstetrics and Gynecology (ACOG) and the 
American Academy of Pediatrics (AAP) issued a Committee Opinion stating 
that the menstrual cycle is a vital sign, thus stressing the importance of menses 
[11]. The average age of menarche in the western world declined rapidly in the 
last two centuries but has been stable since the 1950s in the developed world. 
Normal menstrual cycles in young females include a median age of menarche of 
12 years, mean cycle interval of 32 days with a range of 21—45 days, and flow 
length of 7 days. Primary amenorrhea is defined as the absence of menses by age 
15, and secondary amenorrhea has been defined as the absence of cycles for 
more than 6 months [11]. Early menopause has been defined as cessation of 
menses prior to age 40, and the average age of menopause in the United States 
is 51. Adult female survivors of childhood cancers have been noted to have ear- 
lier age of menopause and a higher rate or premature menopause than the gen- 
eral population [3]. 

The presence or absence of menses has traditionally been used as the primary 
measure of fertility and ovarian function in cancer survivors, but it should be noted 
that there are many common causes of amenorrhea including pregnancy, 
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polycystic ovary syndrome, structural issues (scarring of the uterus), and distur- 
bances of the central gonadotropin-releasing hormone pulse generator. These dis- 
turbances are often referred to as hypogonadotropic hypogonadism and may be 
caused by significant weight loss, strenuous exercise, substantial changes in sleep- 
ing or eating habits, as well as severe stressors [11]. For example, a young cancer 
survivor may have absence of menses due to hypothalamic disturbances caused by 
the stress of treatment or ovarian insufficiency due to gonadotoxic agents. In addi- 
tion, women may continue to have regular menses even in the presence of dimin- 
ished ovarian reserve (such as occurs in the perimenopause). Thus, the presence of 
menses is a poor predictor of ovarian reserve and other markers should be used to 
assess OR. 


Antral Follicle Counts and Ovarian Volume 


Antral follicle counts and ovarian volume have traditionally been measured using 
transvaginal ultrasound in adult women. Both of these undergo an age-related 
decline and are good predictors of the number of eggs that can be retrieved with 
ovarian stimulation in women undergoing in vitro fertilization. Antral follicle count 
(AFC) is the number of small follicles (2-9 mm) that are observed in both ovaries 
during the early follicular phase of the cycle [6]. AFC is noted to have good inter- 
cycle and interobserver reliability and thus is considered promising as a screening 
test for ovarian reserve. Again tests revealing low AFC (three to six total antral fol- 
licles) correlate with poor response to ovarian stimulation but does not reliably pre- 
dict failure to conceive [6]. Ovarian volume in general correlates with a number of 
follicles but has been noted in some studies to have poor inter-cycle reliability [6]. 
Though interobserver variability can be minimized with the use of three-dimen- 
sional sonography, this test is poor at predicting diminished ovarian reserve [6]. In 
children, AFC and ovarian volume can be performed transabdominally but requires 
a radiologist skilled in this technique and has not been well studied in this age 
group. Thus, antral follicle counts may help in predicting decreased ovarian reserve 
but deserves further study in cancer populations and children. 


Endocrine Hormones 


Biochemical tests for ovarian reserve in adult women include basal measure- 
ments such as follicle-stimulating hormone (FSH), estradiol, inhibin B, and anti- 
Mullerian hormone as well as stimulated tests such as the clomiphene citrate 
challenge test [6]. The latter cannot be performed in children but the former 
should be further studied. 
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Follicle-Stimulating Hormone (FSH), Inhibin B, and Estradiol 


FSH is secreted by the pituitary in order to stimulate follicular growth and varies 
throughout the menstrual cycle. When ovarian reserve is decreased, FSH begins to 
rise earlier in the cycle and lead to earlier follicular growth and increase in estradiol 
concentrations. As follicles further decrease in number, the FSH continues to rise 
and estradiol levels fall. Inhibin B is secreted by preantral follicles, and as follicles 
decrease so does inhibin B which in turn lowers central nervous system feedback 
and thus further increases FSH [12-14]. 

Serum FSH assays have significant inter- and intra-cycle variability, the absolute 
values differ depending on which one is used, and the sensitivity in identifying poor 
responders to ovarian stimulation in women varies widely [6]. In addition, children 
have low FSH due to hypothalamic suppression. It should be noted that in spite of 
these limitations, consistently high levels of FSH are predictive of diminished ovar- 
ian reserve, and levels above 40 IU/L are diagnostic for premature ovarian insuffi- 
ciency or menopause [6]. Estradiol assays also have poor intra- and inter-cycle 
variability, and basal levels do not differ between women with and without dimin- 
ished ovarian reserve [6]. Furthermore, in prepubertal children, estradiol levels are 
also low due to hypothalamic suppression. Inhibin B has also been noted to not be 
a reliable measure of ovarian reserve. Thus, the use of FSH, inhibin B, and estradiol 
levels in assessing fertility potential of cancer patients is limited by variation with 
the menstrual cycles, poor sensitivity, and the low to undetectable levels in prepu- 
bertal children. Furthermore, combined ovarian reserve test models have not been 
shown to be superior to single tests in predicting ovarian reserve [6]. 


Anti-Mullerian Hormone (AMH) 


AMH is a hormone produced by the granulosa cells, which acts as a follicular gate- 
keeper and is independent of FSH or gonadotropin. This marker is an indirect 
marker of antral follicle counts and thus ovarian reserve [15]. In childhood and 
adolescence, there is a complex rise in AMH level, which likely reflects the differ- 
ent stages of follicle development. It then peaks in a woman's early 20s before 
declining to menopause, correlating positively with nongrowing follicle recruitment 
[20]. 

Interest in the use of AMH as a measure of ovarian reserve to measure the 
gonadotoxic effect of chemotherapy/radiotherapy is growing, especially for chil- 
dren in whom FSH and inhibin B are not useful. When compared with other ovarian 
reserve markers, AMH levels reflect changes in ovarian function earlier, and there is 
no significant fluctuation of AMH during the menstrual cycle, and it is highly pre- 
dictive for timing of menopause [16-18], suggesting that it may be the most useful 
marker for monitoring the decline of reproductive capacity. Moreover, serum AMH 
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levels are detectable in healthy females from birth to menopause [19, 20], making it 
suitable as a marker even in prepubertal girls. Studies of AMH screening have noted 
an association with poor results with in vitro fertilization (IVF), but levels are not 
necessarily predictive [6]. Low AMH cut points are associated with sensitivities in 
general IVF populations of 40—97 % with specificities of 78—92 %, and low levels of 
AMH are specific for poor ovarian response but not pregnancy [6]. Furthermore, it 
should be noted that there are limited data correlating AMH and natural fertility at 
different stages of reproductive life and especially in children and adolescents. In 
addition, AMH assays continue to evolve and there are no international standards 
[6]. Therefore, more long-term data is needed to ascertain the use of AMH to evalu- 
ate fertility preservation strategies as well as predict long-term ovarian function 
after cancer therapy (Fig. 3.1). 


Current Data on AMH in Children Receiving Cancer Therapy 


In women treated with mechlorethamine, vincristine, procarbazine, and prednisone 
(MOPP) chemotherapy for Hodgkin lymphoma during childhood, AMH was noted 
to be lower compared with healthy women and women treated without MOPP [21]. 
In a larger series of 185 childhood cancer survivors, although the cohort's median 
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Fig. 3.1 A validated model of serum AMH from conception to menopause [20] 
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AMH concentration was no different from controls, the AMH levels were lower 
than the 10th percentile of normal values in 27 % of the survivors. Survivors treated 
with three or more procarbazine containing chemotherapy cycles and those treated 
with abdominal or total body irradiation had significantly lower AMH levels than 
controls [22]. In adult women with cancer, AMH declines during treatment fol- 
lowed by recovery in some patients, with the rate of recovery determined by the 
pretreatment AMH level [23]. 


Ovarian Reserve Testing as a Predictor of Menstrual Pattern 
and Fertility 


Ovarian reserve testing to predict the risk of acute ovarian failure and early meno- 
pause and future fertility in females prior to cancer therapy would allow us to better 
target patients for ovarian preservation procedures [24]. In adults, one small series 
in breast cancer survivors demonstrated that inhibin B and AMH prior to therapy 
were significantly lower in the women who went on to develop amenorrhea after 
treatment [25]. Similarly, in 46 adolescent and young adult women with a new can- 
cer diagnosis requiring chemotherapy, pretreatment AMH levels were associated 
with the rate of recovery of AMH after treatment. Participants with a pretreatment 
AMH level >2 ng/mL had a faster rate of recovery of AMH after chemotherapy 
compared to participants with pretreatment AMH levels </=2 ng/mL [23]. 

In addition, the ability of ovarian reserve testing to predict time to menopause 
and ovarian insufficiency on survivors who are menstruating would be very useful 
in order for them to plan posttreatment fertility preservation and other therapies 
[24]. In a prospective study of breast cancer survivors who were still menstruating, 
the patients who had cessation of menses 2 years later were more likely to have 
lower AMH and higher FSH at study entry [24]. 

To date there is no data regarding the ability of ovarian reserve testing to predict 
risk of premature menopause in prepubertal girls before therapy or in survivors of 
childhood cancer. 


Effect of Female Hormones on Ovarian Reserve Testing 


Many young women who receive cancer therapy are placed on birth control pills to 
regulate menses or estrogen replacement therapy when ovarian insufficiency is sus- 
pected. It is important to understand the effect of this treatment on ovarian reserve 
testing. A study evaluating ovarian reserve testing in 887 healthy women, 
18-46 years old, found that AMH, antral follicle counts, and ovarian volume were 
all significantly decreased in oral contraception users when compared to nonusers 
[26]. In a small study comparing young cancer survivors on birth control pills with 
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control women on the pills during the third week of pills (while taking active pills), 
there were no differences noted in FSH, inhibin B, estradiol, or AMH, but the AFC 
was lower in the cancer survivors [27]. 

Several studies have evaluated ovarian reserve testing during the placebo or pill- 
free week comparing survivors with spontaneous menses and those on birth control 
pills. Results from these studies are contradictory, use small samples, and compare 
populations exposed to cancer therapy to each other and not healthy age-matched 
controls [21, 28]. In addition, there are no studies which evaluate whether ovarian 
reserve testing in women on female hormones is predictive of menstrual function or 
fertility. 


Conclusions 

Ovarian reserve testing has been extensively studied in healthy women who seek 
infertility treatment but not in young girls receiving cancer therapy. This popula- 
tion would benefit significantly from rigorous data regarding ovarian reserve 
testing which may predict their risk of early menopause and assess the risk and 
benefits of fertility preservation options. Research in this population is limited by 
the fact that the numbers of girls at individual institutions are low as well as the 
fact that the outcome of interest (the ability to achieve successful pregnancy) 
may be far in the future [27]. Future multicenter studies with collaborative efforts 
of reproductive specialists, oncologists, and patient advocates will need to be 
performed. 
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Chapter 4 

Contraception and Menstrual Suppression 
for Adolescent and Young Adult Oncology 
Patients 


Janie Benoit and Holly Hoefgen 


According to the 2013 National Youth Risk Behavior Survey [1], 47% of high 
school students in the United States (USA) admitted to previous sexual intercourse, 
and of those, 14% did not use any method of pregnancy prevention [1]. An unin- 
tended pregnancy during cancer treatments may result in delay in therapy, terato- 
genic exposure, and/or pregnancy termination [2]. For many of these patients, 
unintended pregnancy is associated with an unacceptable health risk. Therefore, an 
open and early discussion about contraceptive needs and options is essential to the 
overall care of the adolescent and young adult oncology patient. Choosing a contra- 
ceptive method is an important decision with many involved factors for both patients 
and physicians. We must consider the efficacy and safety profile of each method, as 
well as how the method fits into each patient's lifestyle, including technical, social, 
and religious factors, among others. In the adolescent oncology patient, these issues 
can compound quickly. Medically, these patients’ present increased challenges due 
to their underlying diagnoses and the increased risk of thrombotic disease associ- 
ated with all malignancy. A thorough discussion of indicated contraceptive methods 
should be undertaken with each patient, with focus placed on efficacy and safety. An 
added benefit (or alternative use) of contraceptive medications during cancer treat- 
ment has been to elicit menstrual lightening and suppression, especially in patients 
with low blood count, menorrhagia, and/or risk of bone marrow suppression. 
Additionally, every social situation is unique and we must remember to ensure con- 
fidentiality in our adolescent patients seeking sexual health counseling and 
contraception. 

The Centers for Disease Control and Prevention adapted the World Health 
Organization (WHO) guidance to create the US Medical Eligibility Criteria (MEC) 
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for Contraceptive Use, 2010 [3] (with updates occurring in 2011 and 2012), for use 
by healthcare providers. It can be found in its complete form on the CDC website in 
the reproductive health section (see Appendix) (www.cdc.gov/reproductivehealth/ 
UnintendedPregnancy/USMEC.htm). The US MEC ranks contraceptive methods 
based on a four-point scale for a large number of medical conditions [3]. 


Categories of medical eligibility criteria for contraceptive use 


1. A condition for which there is no restriction for the use of the contraceptive method 


2. A condition for which the advantages of using the method generally outweigh the theoretical 
or proven risks 


3. A condition for which the theoretical or proven risks usually outweigh the advantages of 
using the method 


4. A condition that represents an unacceptable health risk if the contraceptive method is used 


The only cancers outlined specifically are ovarian, cervical, breast, gestational 
trophoblastic neoplasia, and malignant hepatoma. However, there is a special desig- 
nation under high risk of DVT/PE for active cancer (metastatic, on therapy, or 
within 6 months of clinical remission, excluding non-melanoma skin cancer) that is 
also of great importance in the oncology patient population. 

The WHO also classifies contraception based on efficacy into four tiers [4]: 


* Tier 1 (most effective): Sterilization, implants, intrauterine devices (IUD) 

* Tier 2: Depot medroxyprogesterone acetate (DMPA), combined hormonal 
methods 

* Tier 3: Barrier methods 

* Tier 4: Behavioral methods 


Below we will outline all available methods of contraception and discuss their 
efficacy, safety profiles, ease of use, and common side effects. We will also note any 
particular concerns in the oncology population (see also Table 4.1). 


Contraception 


1. Behavioral methods 
(a) Abstinence 


(i) Abstinence is a wise and safe choice at any life stage, particularly for 
young patients who do not feel ready for a sexual relationship. However, 
abstinence-only programs are ineffective in delaying sexual debut or in 
reducing sexual risk behaviors among teens that are already sexually 
active [5]. Comprehensive sexual education has been shown to signifi- 
cantly decrease teen pregnancy rates, increase age at first intercourse, 
and significantly increase the likelihood of contraception use at first 
intercourse [5-7]. Furthermore, female participants in comprehensive 
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sexual education programs were more likely to choose age-appropriate 
sexual partners, less likely to note first intercourse as an unwanted event, 
and more likely to express overall healthier partnerships associated with 
their first sexual encounter. Sexual education has not been shown to be 
associated with an earlier onset of sexual debut [5]. Therefore, although 
a patient who notes abstinence as their form of contraception should be 
encouraged to continue, sexual health should always be part of the 
discussion. 


(b) Noncoital sexual behaviors 


(i) Noncoital sexual behavior includes mutual masturbation, oral sex, and 
anal sex and is a common expression of sexuality. The National Survey 
of Family Growth found that 45 % of females aged 15-19 years have had 
oral sex with an opposite-sex partner, but these numbers have remained 
stable over the past two decades. Compared with oral or vaginal sex, 
which are common in more than 90% of males and females by age 
25 years, anal sex is less common (10% of female adolescents aged 
15-19 years) and often is initiated later. Noncoital sexual behavior com- 
monly coexists with coital behavior. The prevalence of oral sex among 
adolescents jumps dramatically in the first 6 months after initiation of 
vaginal intercourse, suggesting that both are often initiated around the 
same time and with the same partner. Although there is little risk of preg- 
nancy with strictly noncoital activities, given this association, contracep- 
tive discussion is warranted. Sexually transmitted infections, including 
HIV, HSV, HPV, hepatitis virus, syphilis, gonorrhea, and chlamydia, can 
be transmitted through noncoital sexual activity, and patients should be 
strongly counseled regarding safe sexual practices [8]. 


(c) Coitus interruptus/withdrawal method 


(i) This method involves the withdrawing of the penis from the vagina and 
away from the external genitalia prior to ejaculation. It is mentioned here 
as a point of discussion, as it is practiced widely, with 55 % of adolescent 
women aged 15-19 years reporting having used the method before [9]. 
The failure rate of such technique is high (22 % with typical use) and it 
does not provide protection against sexually transmitted infections [9]. 


2. Barrier methods 
(a) Male condoms 


(i) The male condom acts as a physical barrier, covering the penis and 
blocking the passage of sperm into the vagina. According to the 2013 
YRBS, 41 % of US high school students did not use a condom during the 
last sexual intercourse [1]. All sexually active adolescents should be 
encouraged on regular condom use for the prevention of sexually trans- 
mitted infections including HIV, as well as increased contraceptive 
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efficacy. In the general population, condom use has an overall reassuring 
failure rate of 2 %. However, in typical use, the male condom alone has a 
failure rate of 18 % [9]. For this reason, a more reliable form of contra- 
ception should be counseled as first line. 


(b) Vaginal barriers/spermicides 
(i) Female condom 


1. The female condom is a soft, loose polyurethane sheath with two 


rings, one on either end. One ring is placed in the vagina; the other 
is placed outside the introitus. These devices are available over the 
counter. Efficacy is poor, with a typical use failure rate in the general 
population of 21 % [9]. 


(ii) Diaphragm 


1. The diaphragm is a dome-shaped flexible rubber cup. Spermicide is 


applied to the dome, and the device is inserted into the vagina prior 
to intercourse so that the posterior rim rests in the posterior fornix 
and the anterior rim fits behind the pubic bone with the dome of the 
device covering the cervix. The diaphragm must be sized and pre- 
scribed by a physician. Once in position, it can provide contracep- 
tive protection for up to 6 h before additional spermicide is required. 
After intercourse, it should be left in place for at least 6 h but should 
not be left in place for a combined duration of longer than 24 h due 
to a rare risk of toxic shock syndrome. The diaphragm also has a 
lower efficacy rating with typical use failure rates of 12 %. However, 
this may be a good option in a very select subset of patients with 
hormone-sensitive cancers and an aversion or contraindication to 
the copper intrauterine device (IUD) [9]. 


(iii) Spermicides 


1. Spermicidal gels, creams, and foams are available for use with the 


diaphragm but can also be used individually for contraception. 
Spermicidal suppositories can be used alone or with condoms. 
However, efficacy is low with a typical use failure rate of 28 % in the 
general population, when used alone for contraception [9]. Given 
the difficulty of correct usage and high failure rate, we would not 
commonly recommend this method for use in the adolescent popu- 
lation. However, it may be useful in the subset of patient for whom 
the diaphragm would be indicated. 


3. Estrogen-containing contraceptives 


The current options for combined estrogen and progesterone contraceptive 
methods are the oral pill, the transdermal patch, and the vaginal ring (PPR). 
There are many non-contraceptive benefits of using a combined regimen, includ- 
ing but not limited to regulation of menstrual cycles, treatment of menorrhagia/ 


4 Contraception and Menstrual Suppression for Adolescent and Young Adult Oncology 47 


dysmenorrhea, and treatment of acne and pelvic pain [10]. Studies are variable 
on the possible improvement of bone mineral density in premenopausal women. 
These regimens have also been shown to decrease the risk of endometrial, ovar- 
ian, and colorectal cancers, and modern formulations have no increase in breast 
cancer risk [11]. As a class, all estrogen-based contraceptives are tier 2 efficacy, 
with a typical use first-year failure rate of 9%. The continuation rates of these 
methods at 1 year are also the same, at 67 % [9]. 

As a class, there is an increased risk of venous thromboembolism (VTE) that 
is dependent on the estrogen dose and duration. Although the relative risk of 
VTE is increased, the absolute risk for each individual user is low, as thrombosis 
is a rare event in the healthy young female population that commonly uses this 
contraceptive method. However, these combined regimens may pose a high risk 
of VTE if patients are not carefully selected [9]. 

For the malignant diagnoses specifically listed in the MEC, PPR are noted as 
a category 4 (unacceptable risk) for relationship to elevated DVT/VTE risk 
(active cancer, or within 6 months after clinical remission, excluding non- 
melanoma skin cancers), current breast cancer, and malignant liver tumors. They 
are classified as a category 1 for gestational trophoblastic disease and a category 
2 for cervical cancer awaiting treatment. It is important to take the overall medi- 
cal condition into consideration, as other conditions such as obesity, hyperlipid- 
emia, diabetes, and liver and renal failure may be part of the medical history in 
chronically ill children. Similarly, it is important to note that any patient with a 
complicated solid organ transplant is not a candidate for estrogens (category 4), 
but for an uncomplicated transplant patient, estrogen-containing contraceptives 
are considered a category 2. 


(a) Pills 


(i) Combined oral contraceptive pills (COCs) are available in a wide variety 
of formulations. The choice of pill should be determined by the patient 
and physician based on clinical picture, medical history, and patient pref- 
erence. The basic mechanisms of action are the same for all formulations 
and include both inhibition of ovulation and folliculogenesis and thick- 
ening of cervical mucus. COCs are taken daily and depending on the 
cycling pattern chosen can be given between 21 and 90 days with a 4—7- 
day pill-free interval for withdrawal bleeding. Use among adolescents is 
popular, with 19 % of sexually active US high school students endorsing 
use of COCS to prevent pregnancy prior to their last act of sexual inter- 
course [1]. However, compliance and continuation may prove challeng- 
ing in this age group. 


(b) Patch 


(i) The contraceptive transdermal patch is a thin, flexible patch that contains 
6 mg of norelgestromin (active metabolite of norgestimate) and 0.75 mg 
of ethinyl estradiol (EE). The patch releases 150 mcg of norelgestromin 
and 20 mcg of EE daily. The patch provides serum levels of EE that are 
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higher than the common 35 mcg EE COC formulations; however, the 
VTE risk of the patch is equivalent to a 35EE/norgestimate oral contra- 
ceptive pill. The patch is applied to the buttocks, upper arm, lower abdo- 
men, or upper torso and changed once weekly for 3 weeks. The fourth 
week is a hormone-free interval to allow for cycling. Its mechanism of 
action is the same as that of oral contraceptive pills. In some studies, the 
patch appears to enhance consistent and correct use as compared to 
COCs; however, their overall continuation rates and failure rates are the 
same. Patch users may note a transient skin reaction and more initial 
breakthrough bleeding than COCS users; the latter effect improves with 
use. Patients greater than 90 kg may have a higher risk of pregnancy 
when using the patch [9]. 


(c) Ring 


(i) A soft, transparent flexible ring that releases 120 mcg of etonogestrel 


(major metabolite of desogestrel) and 15 mcg of EE daily. Although sev- 
eral cases of VTE have been reported in vaginal ring users, the serum EE 
levels are two and threefold lower than that found in 35EE COCs and the 
birth control patch. However, there have been studies linking the proges- 
terone component of the ring to an increased risk of VTE. Possibly due 
to the lower estrogen output, studies have not shown improvement in 
bone mineral density using the ring, even after 24 months of use [9]. 
The ring is placed vaginally once every 28 days, with the last 7 days 
being a ring-free time frame to allow for withdrawal bleeding. The mecha- 
nism of action is mostly ovulation suppression, similar to oral contracep- 
tive pills. In theory, the ease of once-monthly use should improve patient 
compliance and improve method success rates. However, in randomized 
comparative trials, the ring and COCs showed similar compliance and con- 
tinuation rates. The vaginal ring has excellent cycle control, even in the first 
few cycles. It can be removed for up to 3 h without compromising effec- 
tiveness and is safe to use with tampons or during intercourse. The most 
commonly reported side effects are headache and vaginal wetness [9]. 


4. Progesterone-only contraceptives 


All of the progesterone-only contraceptives are approved for patients at higher 
risk of deep venous thrombosis and pulmonary embolism (DVT/PE), such as 
patients with active or of history of malignancies (MEC category 2). They are 
not associated with an increased risk of high blood pressure or cardiovascular 
disease. An added benefit is menstrual lightening or suppression, to different 
degrees depending on the formulation used. The only absolute contraindications 
to progesterone-based medications are pregnancy and a personal history of 
hormone-dependent breast cancer. Progesterone-only contraception may be pro- 
vided as an oral medication, injectable form, or an implant. Their mechanisms of 
action for contraception are through increased viscosity of cervical mucus, ovu- 
latory suppression, and endometrial thinning. 
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(a) Progesterone-only pills (norethindrone 35 mcg) 


(i) Progesterone-only pills must be taken at the same time every day. This 
regimen's efficacy depends on compliance with a typical use failure rate 
in the general population of 9 % [12]. Efficacy strongly depends on strict 
compliance, taking the medication at the same time or within 3 h after 
that time every day, making it less than ideal for adolescents. Up to 10 96 
of users will develop amenorrhea after 1 year of use [13]. Side effects are 
uncommon but may include breakthrough bleeding, headaches, nausea, 
acne, and breast tenderness. The risks are minimal [9]. 


(b) Injectable contraceptive (depot medroxyprogesterone acetate) 


(i) (DMPA is most commonly given as a 150 mg intramuscular injection, 
administered every 12 weeks. It is also available in a 104 mg subcuta- 
neous injection with identical dosing intervals [9]. Its efficacy relies 
on compliance with a typical use failure rate in the general population 
of 3-6 % [8, 12]. Up to 50% of users will develop amenorrhea after 
1 year of use. Side effects include initial breakthrough bleeding, 
weight gain, headaches, nausea, breast tenderness, acne, and mood 
disorder [9, 14]. 

In 2004, the FDA issued a black box warning stating that prolonged 
use of DMPA may result in significant loss of bone mineral density 
(BMD). Following this event, the WHO collected expert reviews con- 
cluding that DMPA is associated with a risk of reversible BMD reduction 
during treatment, which has not been proven to increase fracture risk 
[15]. The American College of Obstetricians and Gynecologists released 
a Committee Opinion stating that healthcare providers should inform 
women and adolescents considering initiating DMPA or continuing to 
use the method about the benefits and the risks of DMPA and should 
discuss the FDA "black box" warning. However, the effect of DMPA on 
BMD should not prevent practitioners from prescribing DMPA or con- 
tinuing use beyond 2 years. The use of routine DXA scans or supplemen- 
tal estrogen was not recommended in adolescent and young adult 
populations taking DMPA. However, discussing and recommending 
long-acting reversible contraception (LARC) methods that are both more 
efficacious and have no effect on BMD were suggested [12]. 

On average, patients on DMPA have a weight gain of less than 2 kg 
per year [16]. However, it has also been shown that certain populations, 
such as those that are obese or more sedentary, are more at risk for weight 
gain with DMPA [17, 18]. 

(c) Long-acting reversible contraception (LARC) 

LARC methods are the most effective birth control methods with a failure 
rate of «1 96. In September 2014, the AAP (American Academy of Pediatrics) 
published a new recommendation stating that the first-line contraceptive 
choice for adolescents who choose not to be abstinent should be a LARC 
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method. Their safety and efficacy in adolescents has been well demonstrated 
and these methods are recommended for teenagers [19]. 

LARCSs include the intrauterine device (IUD) and the contraceptive 
implant. In the Contraceptive CHOICE project, all contraceptive options 
were counseled and provided to participants at no cost for the duration of the 
2—3 year project. Seventy-five percent of participants in the CHOICE project 
chose LARC methods; this is astounding compared to the national average 
of 8.5 96 at the time [20]. Adolescents chose LARC at similar rates to their 
adult counterparts (69-71 926); however, the younger adolescent population 
appeared to favor the etonogestrel implant system [21]. A recent analysis of 
the CHOICE project evaluated contraception continuation in teenagers and 
young women and demonstrated high rates of continuation and satisfaction 
with LARC, similar to that in the older adult population [22, 23]. It has also 
been shown that adolescents are more likely to continue LARC than non- 
LARC contraceptive methods [24]. The continuation rate of LARC methods 
in teenagers and young women has been shown to be 81 % [23]. However, 
the use of these devices continues to be low with only 1.6% of sexually 
active high school students reporting the use of LARC methods in them- 
selves or their partner [1]. 


(i) Contraceptive implants 

The subdermal rod, marketed currently as Nexplanon, measures 4 cm 
by 2 mm and has a constant release of etonogestrel. It is currently 
approved for contraception at 3-year duration. The device is inserted 
superficially in the upper arm during a simple office procedure by a 
trained physician or licensed provider requiring only local anesthesia 
[25]. The risks of the procedure are rare but include bleeding, hematoma 
formation, and infection. The main side effects are irregular, unpredict- 
able vaginal bleeding (50 %), acne (12 %), headaches (16 %), weight gain 
(12%), and mood disturbance (6%). About 11% of patients become 
amenorrheic after 1 year of use [26]. Removal requires a second small 
office procedure with local anesthetic and a small incision with similar 
risks. Removal can be challenging due to an inability to palpate the rod, 
breakage of the implant, or encapsulation of the device in subcutaneous 
tissue. 

Continuation rates have been shown to be higher than 80% after 
1 year of use in one study [23]. Other studies have found higher discon- 
tinuation rates averaging 35%, with persistent bleeding irregularities 
cited as the most frequent reason for discontinuation [26]. 


(i1) Levonorgestrel IUDs 
This device, the most common of which is marketed as the Mirena, is 
T shaped and contains a barrel with 52 mg of levonorgestrel. It is inserted 
into the uterine cavity through the cervix using a speculum and indicated 
instruments. This is a simple office procedure in most instances. 
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Levonorgestrel (LNG) is released at an initial rate of 20 mcg/day that 
decreases to 10—14 mcg per day over the course of its currently approved 
5-year duration of use [9]. The main risks are IUD expulsion (6 96) [23], 
a slight increase risk of pelvic inflammatory disease (PID) in the 20 days 
following insertion (1 96), and uterine perforation (1/1000) [27] [28]. It is 
important to clarify that overall, IUD use in teenagers is encouraged and 
that it does not increase risk of PID, sexually transmitted infections 
(STD, or infertility. Cervical screening for chlamydia and gonorrhea 
should be performed on all women at high risk for STIs, including all 
adolescents. Side effects of the LNG IUD are minimal but include lim- 
ited irregular vaginal bleeding, acne, headaches, and mood disturbance. 
Other benefits include menstrual lightening (up to 90 % of flow) or sup- 
pression (in 50 % of patients at 24 months of use), alleviation of dysmen- 
orrhea and pelvic pain, and reduction of risk of endometrial cancer. There 
is limited evidence for or against IUD use in cancer-related immunocom- 
promised patients; however, the CDC and WHO both support its use and 
are reassuring about its safety based on other types of immunocompro- 
mised patient data [12]. 

A lower-dose levonorgestrel IUD became available in the United 
States in 2013, marketed as Skyla. This IUD contains 13.5 mg of levo- 
norgestrel, which is initially released at a rate of 14 mcg/day that 
decreases to 5 mcg/day over its approved 3-year duration of use. It has a 
slightly smaller size and diameter, which theoretically may make it more 
suitable for placement in certain populations with a small uterine cavity 
or cervical stenosis. The low-dose levonorgestrel IUD is not currently 
approved for the treatment of menorrhagia and has a lower likelihood of 
amenorrhea (13 % vs 24%) compared with the higher-dose IUD [29]. 

Overall, the levonorgestrel IUDs have been proven to be a highly 
effective birth control method that is both beneficial and safe. Nonsexually 
active teenagers and young adults usually tolerate insertion in the office 
well. In patients who are unable to tolerate in-office placement, such as 
those with special needs, the IUD can be placed under general anesthe- 
sia. In our practice, we attempt to bundle this procedure with an other- 
wise required anesthesia whenever possible, such as may be needed for 
central line placement or biopsy. However, IUD insertion under anesthe- 
sia can be scheduled independently. 


5. Nonhormonal LARC 


(a) Copper IUD 
The copper IUD, marketed in the United States as Copper T 380A 
(ParaGard), is approved for a duration of 10 years. It is the only highly effec- 
tive nonhormonal contraceptive method, with a perfect and typical use fail- 
ure rate of less 1 % [9]. A variety of different copper IUD types are available 
in other countries; in Canada, for example, the Mona Lisa N, Mona Lisa 5, 
and Mona Lisa 10 are each approved for 3, 5, or 10 years, respectively. 
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Table 4.2 Emergency contraception treatment regimens 


Method | Dosing Efficacy 
Estrogen plus progesterone | 100-120 mcg ethinyl estradiol plus - [47-89 % pregnancy 
(Yuzpe regimen) 500—600 mcg levonorgestrel in each dose, | prevention 
given twice, 12 h apart 
Levonorgestrel |0.75 mg given twice, 12 h apart, or 1.5 mg | 59-94 % pregnancy l 
| given as a single dose | prevention 
 Ulipristal |30 mg dose orally x1 | 98-99 % 


Copper intrauterine device 


Inserted within 120 h after intercourse | At least 99 % 


The Copper T 380A is a T-shaped device, with thin copper wire wound 
around the stem and each arm. It is inserted into the uterine cavity through 
the cervix using a speculum and indicated instruments. This is a simple 
office procedure in most instances. Cervical screening for chlamydia and 
gonorrhea should be performed on all women at high risk for STIs, including 
all adolescents. The copper IUD's mechanisms of action include local 
intrauterine inflammatory reaction, which creates an environment toxic to 
sperm and ova, causing decreased sperm motility and viability and prevent- 
ing fertilization and implantation of the embryo [9]. Common side effects 
are irregular breakthrough bleeding, heavier menstrual cycles (up to 50%), 
and dysmenorrhea, all of which should improve with time. The primary ben- 
efit is providing a reliable but rapidly reversible birth control method. The 
main risks are uterine perforation (1/1,000) [27], expulsion (5%), and 
increased risk of pelvic infection limited to the first 20 days after placement 
of IUD. Copper IUD is approved for and shown to be safe in adolescents. It 
may have additive benefit in the oncology population, as a safe and reliable 
form of contraception in patients with hormone-dependent malignancies. 


6. Emergency contraception 


There is no single mechanism of action of emergency contraception (EC) [30] 
as it depends on the time in the menstrual cycle the medication is taken and what 
method is chosen. Options for emergency contraception range from high-dose 
combined oral contraceptive pills (the Yuzpe method), single- or multidose pro- 
gesterone methods (levonorgestrel or ulipristal), or placement of a copper 
IUD. Specific regimens can be found in Table 4.2 [31] and are most effective 
0—72 h after intercourse with moderate efficacy up to 5 days [30]. According to 
the US MEC, given the associated complications and comorbidities of preg- 
nancy and the short-term use of EC methods, there are absolutely no instances in 
which the risks outweigh the benefits of use. Therefore, this option should always 
be considered and discussed in adolescent oncology patients. Given the urgency 
of timing for effective treatment following unprotected intercourse, it is impera- 
tive to begin this conversation before the need arises, such as during a general 
sexual health discussion. Several barriers to the use of EC have been noted in 
adolescents including knowledge of the option of EC in general, understanding 
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of the use and safety of the medications, and cost barriers. Further barriers relate 
to difficulty of accessing medications from providers and pharmacies, where 
staff may not approve of or understand the laws regarding EC use in younger 
patients [32]. It is important to understand the exact prescribing laws for EC and 
adolescents as they apply in your particular state (http://www.guttmacher.org/ 
statecenter/spibs/spib EC.pdf). 


Survivors 


It has been shown that, in general, centers caring for adolescent and young adult 
(AYA) oncology patients do not routinely discuss sexual health with their patients; 
therefore, survivors have limited awareness of the contraceptive options available to 
them. Even though specific data is not available for unintended pregnancy among 
cancer survivors, we do know that survivors in the 15—30-year-old range are more 
likely than their peers to terminate a pregnancy. For patients who have been cancer- 
free for at least 6 months and are without a history of chest wall radiation, hormon- 
ally mediated cancers, anemia, osteoporosis, or VTE, the use of all of the above-noted 
contraception options is available. Patients with a history of chest wall radiation are 
at an increased risk of breast cancer and may not be candidates for exogenous hor- 
mones; therefore, the copper IUD would be first line in these patients. However, 
some physicians will allow modern hormone formulations, as they no longer show 
an increased risk of breast cancer in the general population. In general, the impor- 
tant point to note is that AYA individuals with cancer need to be aware of their 
sexual health options during all stages of their diagnosis and treatment, and all 
healthcare providers should become comfortable with, at a minimum, asking the 
relevant questions [4]. 


Menstrual Regulation and Suppression 


In oncology patients, suppression of menses is mainly used to prevent anemia and 
thrombocytopenia but can also be used to provide relief of menstrual-related 
symptoms. Patients with thrombocytopenia are at increased risk for hemorrhage; 
therefore, cessation of menses is crucial. However, depending on the platelet lev- 
els, intramuscular injections may be contraindicated due to an elevated risk of 
hematoma formation. The overall aim of treatment is for high efficacy without 
causing any harm. Common regimens are discussed below and summarized in 
Table 4.3. 

Per WHO definitions, amenorrhea is defined as absence of bleeding or spotting 
within a 90-day time interval. 
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GnRH Agonist 


GnRH agonists for the purpose of menstrual suppression are given as an injectable 
medication, which offer a high amenorrhea rate (73—97 96) [33]. These medications 
have been proven to be superior to DMPA in preventing moderate to severe bleeding 
in young women undergoing myelosuppressive chemotherapy with subsequent 
severe thrombocytopenia [34]. They can be given intravenous (IV), subcutaneous 
(SC), orintramuscular (IM) with a frequency ranging from daily to every 8-12 weeks 
according to the route of administration. In our practice, 11.25 mg leuprolide depot 
is typically chosen and given every 8-12 weeks IM. Alternatively if the patient is 
thrombocytopenic, leuprolide IV can be given daily until platelet counts are safe for 
an IM injection to be given. 

Breakthrough bleeding for the first 2-3 weeks after initial injection is com- 
mon as a result of the initial increase in FSH and LH secretion. At roughly 
2 weeks, a hypogonadal effect is achieved through receptor downregulation. This 
"flare effect" should be expected and planned for within the course of disease or 
therapy. Possible side effects of treatment are hot flushes, insomnia, joint pain, 
weight gain, and mood disturbance. The main risks of GnRH agonists are a 
decrease in bone mineral density (BMD) and local contusion or hematoma at the 
injection site. Patients should be offered immediate add-back therapy to prevent 
vasomotor symptoms and negative impact on BMD. Options of add-back thera- 
pies include norethindrone acetate 5—10 mg daily or very low-dose estradiol with 
progestin. Norethindrone acetate is a progestin with estrogenic action, which has 
been shown to be as effective as low-dose estradiol in prevention of BMD 
decreases and vasomotor symptoms, without an increased thromboembolic risk 
[35, 36]. 

Due to its side effect profile, it is recommended that menstrual suppression using 
GnRH agonists should only be given for a limited time during chemotherapy treat- 
ment and/or during the time frame that the patient is at elevated risk for decreasing 
blood count secondary to treatment or malignancy. 


Progestin-Only Pills 


High-dose progestin-only pills (POP) can be given for menstrual lightening or 
suppression. Typically, amenorrhea can be achieved in a short period of time 
(1-3 days), and this method is very safe and effective. Possible side effects are 
acne, weight gain, headache, lipid profile changes, and mood disturbance. Due 
to the need for daily oral medication, the success of this treatment relies on com- 
pliance. There are a few options for treatment regimens with high-dose proges- 
tin pills, including norethindrone acetate, medroxyprogesterone acetate, 


4 Contraception and Menstrual Suppression for Adolescent and Young Adult Oncology 57 


megestrol, and danazol. Medication side effect profiles should be discussed with 
patients. 


Dosages: 


* Norethindrone acetate 5 mg daily to 10 mg twice a day 

* Medroxyprogesterone acetate 10 mg daily to twice a day 
* Megestrol 80 mg daily 

e Danazol 200 mg daily to twice a day 


Low-dose POP (norethindrone 0.35 mg) given continuously is also an option for 
menstrual suppression. The rate of amenorrhea with low-dose POP is 10% [13], 
which is lower than with high-dose POP, but side effects are decreased. 


Depot Medroxyprogesterone Acetate 


This injectable hormonal contraceptive is a popular birth control method, which can 
also be used for menstrual lightening and amenorrhea. Rates of amenorrhea are 
about 50 96 after 1 year of use, though initial irregular vaginal bleeding is common 
[37, 38]. About 12 % of DMPA users report being amenorrheic 3 months after their 
initial injection [37]. In one study involving teenagers, nearly two thirds of DMPA 
users endorsed amenorrhea with DMPA use [14]. Similar rates of amenorrhea have 
been noted with DMPA-SC as with DMPA-IM [14]. 

DMPA has some theoretical association with a possible increased risk of deep 
venous thrombosis and pulmonary embolism, although benefits usually outweigh 
this risk in women with active cancer [10]. Patients who have a high risk of low 
blood count, including anemia and thrombocytopenia, due to their malignancy or 
chemotherapy regimen may not tolerate initial irregular bleeding. 


Combined Hormonal Contraception (Pill, Patch, Ring) 


Combined hormonal contraceptives can be taken in extended regimens without tak- 
ing the hormone-free intervals. There is an increased risk of breakthrough bleeding 
with these protocols. It is suggested to stop hormonal pills for roughly 5 days when 
breakthrough bleeding occurs to allow for withdraw bleed. About 70% of women 
become amenorrheic after 1 year of use [39]. 

In patients with malignancy, the estrogen contained in combined hormonal con- 
traceptives increases the risk of deep venous thrombosis and pulmonary embolism. 
In addition, it is important to consider that some patients might experience nausea 
and emesis during the course of their malignancy and treatment, and combined 
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hormonal contraceptives may exacerbate these symptoms leading to a need for dis- 
continuation. In addition, there are a number of drugs or medications that may inter- 
act with combined hormonal contraceptives, either altering serum levels of the 
given medication or COC. 


Levonorgestrel IUD for Menstrual Suppression 


The 52 mg levonorgestrel IUD can be used for menstrual lightening and suppres- 
sion; however, these desired side effects develop over time in a subset of users. 
Menstrual lightening (up to 90 % of flow) is identified in a majority of patients with 
suppression noted in 50 96 of patients at 24 months of use [37]. There is an initial 
risk of light irregular menstrual bleeding for the first 3-6 months after insertion. If 
a patient has established menstrual lightening or suppression with a levonorgestrel 
IUD in place at the time of her diagnosis of malignancy, it is recommended to leave 
the device in place [38]. 


Appendix: Medical Eligibility Criteria for Contraceptive Use 


PDF file saved as MEC Appendix A 


Summary Chart of U.S. Medical Eligibility Criteria for Contraceptive Use 
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Summary Chart of U.S. Medical Eligibility Criteria for Contraceptive Use 


Vane vehe corgiss pice by sriain w (denaro Nons ton fd ooo a mom m inemes Ok s at af reenso pereg ped ire 2312 
Ira pumemary tet ony corti adest cl he recommensitens hom Be US nda Dig ay Oro fw Comore Una 20 er com pte icc vo " 


References 


1. Brener ND, Kann L, Shanklin S, et al. Methodology of the youth risk behavior surveillance 
system — 2013. MMWR Recomm Rep (Morbidity and Mortality Weekly Report 
Recommendations and Reports/Centers for Disease Control). 2013;62(RR-1):1—20. 

2. Committee Opinion No. 607: Gynecologic concerns in children and adolescents with cancer. 
Obstet Gynecol. 2014;124(2 Pt 1):403-8. 

3. WHO. Medical eligibility criteria for contraceptive use. 5th ed. Geneva: WHO; 2015. Available 
at http://apps.who.int/iris/bitstream/10665/172915/1/WHO RHR 15.07 eng.pdf. 

4. Patel A, Schwarz EB. Cancer and contraception. Release date May 2012. SFP Guideline 
#20121. Contraception. 2012;86(3):191-8. 

5. Lindberg LD, Maddow-Zimet I. Consequences of sex education on teen and young adult 
sexual behaviors and outcomes. J Adolesc Health Off Publ Soc Adolesc Med. 
2012;51(4):332-8. 

6. Kohler PK, Manhart LE, Lafferty WE. Abstinence-only and comprehensive sex education and 
the initiation of sexual activity and teen pregnancy. J Adolesc Health Off Publ Soc Adolesc 
Med. 2008;42(4):344—51. 

7. Mueller TE, Gavin LE, Kulkarni A. The association between sex education and youth's 
engagement in sexual intercourse, age at first intercourse, and birth control use at first sex. 
J Adolesc Health Off Publ Soc Adolesc Med. 2008;42(1):89—96. 

8. Committee Opinion No. 582: addressing health risks of noncoital sexual activity. Obstet 
Gynecol. 2013;122(6):1378-82. 

9. Hatcher RA, Trussell J, Nelson AL, Cates W, Kowal D, Policar MS. Contraceptive technology. 
20th ed. Ardent Media Inc., New York, NY 2011. 

10. ACOG Practice Bulletin No. 110: noncontraceptive uses of hormonal contraceptives. Obstet 
Gynecol. 2010;115(1):206-18. 

11. Sorensen K, Aksglaede L, Petersen JH, Juul A. Recent changes in pubertal timing in healthy 
Danish boys: associations with body mass index. J Clin Endocrinol Metab. 2010;95(1): 
263-70. 


60 


12. 


13; 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 
31. 


32. 


33. 


J. Benoit and H. Hoefgen 


U.S. Medical Eligibility Criteria for Contraceptive Use, 2010. MMWR Recomm Rep 
(Morbidity and Mortality Weekly Report Recommendations and Reports/Centers for Disease 
Control). 2010;59(RR-4):1—86. 

Black A, Francoeur D, Rowe T, et al. Canadian contraception consensus. J Obstet Gynaecol 
Can JOGC J Obstet Gynecol Can JOGC. 2004;26(4):347—87. 89-436. 

Cromer BA, Smith RD, Blair JM, Dwyer J, Brown RT. A prospective study of adolescents who 
choose among levonorgestrel implant (Norplant), medroxyprogesterone acetate (Depo-Provera), 
or the combined oral contraceptive pill as contraception. Pediatrics. 1994;94(5):687—94. 
Committee Opinion No. 602: depot medroxyprogesterone acetate and bone effects. Obstet 
Gynecol. 2014;123(6):1398—402. 

Lopez LM, Edelman A, Chen M, Otterness C, Trussell J, Helmerhorst FM. Progestin-only 
contraceptives: effects on weight. Cochrane Database Syst Rev. 2013;7:CD008815. 

Bonny AE, Ziegler J, Harvey R, Debanne SM, Secic M, Cromer BA. Weight gain in obese and 
nonobese adolescent girls initiating depot medroxyprogesterone, oral contraceptive pills, or no 
hormonal contraceptive method. Arch Pediatr Adolesc Med. 2006;160(1):40—5. 

Bonny AE, Lange HL, Rogers LK, Gothard DM, Reed MD. A pilot study of depot 
medroxyprogesterone acetate pharmacokinetics and weight gain in adolescent females. 
Contraception. 2014;89(5):357—60. 

Committee Opinion No. 539: adolescents and long-acting reversible contraception: implants 
and intrauterine devices. Obstet Gynecol. 2012;120(4):983-8. 

Secura GM, Madden T, McNicholas C, et al. Provision of no-cost, long-acting contraception 
and teenage pregnancy. N Engl J Med. 2014;371(14):1316—23. 

Mestad R, Secura G, Allsworth JE, Madden T, Zhao Q, Peipert JF. Acceptance of long-acting 
reversible contraceptive methods by adolescent participants in the Contraceptive CHOICE 
Project. Contraception. 2011;84(5):493-8. 

Eisenberg D, McNicholas C, Peipert JF. Cost as a barrier to long-acting reversible contraceptive 
(LARC) use in adolescents. J Adolesc Health Off Publ Soc Adolesc Med. 2013; 
52(4 Suppl):S59-63. 

Rosenstock JR, Peipert JE, Madden T, Zhao Q, Secura GM. Continuation of reversible 
contraception in teenagers and young women. Obstet Gynecol. 2012;120(6):1298-305. 
Deans EI, Grimes DA. Intrauterine devices for adolescents: a systematic review. Contraception. 
2009;79(6):418—23. 

McNicholas C, Peipert JF. Long-acting reversible contraception for adolescents. Curr Opin 
Obstet Gynecol. 2012;24(5):293-8. 

Darney P, Patel A, Rosen K, Shapiro LS, Kaunitz AM. Safety and efficacy of a single-rod 
etonogestrel implant (Implanon): results from 11 international clinical trials. Fertil Steril. 
2009;91(5):1646—53. 

Heinemann K, Reed S, Moehner S, Do Minh T. Risk of uterine perforation with levonorgestrel- 
releasing and copper intrauterine devices in the European Active Surveillance Study on 
Intrauterine Devices. Contraception. 2015;91(4):274—9. 

Farley TM, Rosenberg MJ, Rowe PJ, Chen JH, Meirik O. Intrauterine devices and pelvic 
inflammatory disease: an international perspective. Lancet. 1992;339(8796):785—8. 

Dean G, Goldberg AB. Intrauterine contraception (IUD): overview. 2014. http://www. 
uptodate.com/contents/intrauterine-contraception-iud-overview?source-search result&searc 
h=Intrauterine+contraception+%28IUD%29%3A+Overview &selectedTitle=1%7E150. 
ACOG Practice Bulletin No. 112: emergency contraception. Obstet Gynecol. 2010;115(5):1100—9. 
Zieman M. Emergency contraception. 2014. http://www.uptodate.com/contents/emergency- 
contraception?source=search_result&search=Emergency+contraception&selectedTitle=1 
26 7E137. 

ACOG Committee Opinion Number 542: Access to emergency contraception. Obstet Gynecol. 
2012;120(5):1250-3. 

Quaas AM, Ginsburg ES. Prevention and treatment of uterine bleeding in hematologic 
malignancy. Eur J Obstet Gynecol Reprod Biol. 2007;134(1):3-8. 


34. 


35. 


36. 


37. 


38. 


39. 


Contraception and Menstrual Suppression for Adolescent and Young Adult Oncology 61 


Meirow D, Rabinovici J, Katz D, Or R, Shufaro Y, Ben-Yehuda D. Prevention of severe 
menorrhagia in oncology patients with treatment-induced thrombocytopenia by luteinizing 
hormone-releasing hormone agonist and depo-medroxyprogesterone acetate. Cancer. 
2006;:107(7):1634—41. 

Friedman AJ, Daly M, Juneau-Norcross M, Gleason R, Rein MS, LeBoff M. Long-term 
medical therapy for leiomyomata uteri: a prospective, randomized study of leuprolide acetate 
depot plus either oestrogen-progestin or progestin *add-back" for 2 years. Hum Reprod. 1994; 
9(9):1618-25. 

Divasta AD, Laufer MR, Gordon CM. Bone density in adolescents treated with a GnRH 
agonist and  add-back therapy for endometriosis. J Pediatr Adolesc Gynecol. 
2007;20(5):293-7. 

Hubacher D, Lopez L, Steiner MJ, Dorflinger L. Menstrual pattern changes from levonorgestrel 
subdermal implants and DMPA: systematic review and evidence-based comparisons. 
Contraception. 2009;80(2):113-8. 

Committee Opinion No. 606: options for prevention and management of heavy menstrual 
bleeding in adolescent patients undergoing cancer treatment. Obstet Gynecol. 2014;124(2 Pt 1): 
397-402. 

Miller L, Hughes JP. Continuous combination oral contraceptive pills to eliminate withdrawal 
bleeding: a randomized trial. Obstet Gynecol. 2003;101(4):653-61. 


Chapter 5 

Female Sexual Function in Childhood, 
Adolescent, and Young Adult Cancer 
Survivors 


Terri L. Woodard 


Scope of the Problem 


For most individuals, healthy sexual functioning represents an important compo- 
nent of overall health and quality of life. Previous studies have demonstrated a posi- 
tive association between sexual function and overall health status [1, 2]. 

Cancer and its treatment affect multiple facets of life, including sexual well- 
being. Sexual functioning may be impacted through physiologic and/or psychoso- 
cial mechanisms. Unfortunately, it appears that survivors of cancer are at risk for 
persistent or worsening sexual problems [3]. As the number of survivors increases, 
the recognition of sexual well-being as an important quality-of-life issue continues 
to become more pressing [4, 5]. 

While there is growing literature on sexual function in adults diagnosed with 
cancer, research that addresses the sexual concerns of young adult and childhood 
cancer survivors is severely lacking [6], even though it is a priority concern in this 
population. In 2010, LIVESTRONG conducted a survey of more than 3000 cancer 
survivors, of which over 30% of respondents were adolescent and young adult 
(AYA) cancer survivors. Sexual functioning and satisfaction was one of the three 
top physical concerns reported, with 46 96 of people experiencing problems in this 
area. Unfortunately, the majority of these survivors (71 96) reported that they did not 
receive care for sexual problems [7]. 

While many survivors of childhood cancer do not report problems with sexual 
functioning, there is evidence that there is a higher risk of impairment in this popu- 
lation. A survey of 599 young men and women aged 18—39 who were diagnosed 
with cancer at age 21 or younger revealed that 42.7% reported at least one 
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problematic sexual symptom, with women having significantly higher symptom 
scores (21.6) than men (10.6) [8]. In a separate cohort study of adult female survi- 
vors of childhood cancer, women with a history of childhood cancer had poorer 
overall sexual functioning and significantly lower levels of sexual interest, desire, 
arousal, and satisfaction compared with their healthy siblings. Survivors with ovar- 
ian failure reported lower sexual functioning scores compared with those who had 
normal menses, though interestingly, sexual functioning scores did not improve 
with the addition of hormonal therapy (such as oral contraceptives or traditional 
hormone replacement therapy) [9]. 

As healthcare providers who strive to optimize the survivorship experience of 
patients, it is important to acknowledge how sexual functioning interfaces with 
other quality-of-life measures. Young adult survivors of childhood cancer with sex- 
ual dysfunction report decreased physical functioning, poorer general health, greater 
fatigue, and poorer mental health [10]. Sexual dysfunction is also correlated with 
lower life satisfaction and more distress [8]. 


Barriers to Care 


There are a number of barriers that make addressing sexual concerns in this patient 
population challenging. Sex and sexuality are sensitive topics that are difficult for 
many people to discuss; they may be especially difficult for younger people who may 
feel embarrassed and/or lack the knowledge and vocabulary to speak freely about 
sexual problems. In addition, some providers experience discomfort talking with 
younger patients about sexual issues because they are not certain of what is “age 
appropriate" or, in the case of minors, they fear offending parents by bringing up the 
discussion [11]. Additionally, time constraints and a lack of knowledge of providers 
also influence whether providers address sexual concerns in their patients [12]. 

Many young people desire information about sexual health and sexual concerns, 
but most are not getting the counseling and care that they need, even though they 
represent an especially vulnerable group that may be more at risk for sexual problems. 
Patients who were diagnosed and treated at a very young age may have never grasped 
a complete understanding of how their treatment has impacted their reproductive 
health. Thus, it is important that providers are equipped with the confidence and skills 
that enable them to discuss sexual issues with patients in an age-appropriate manner 
[13]. 


Sexual Development 


When considering sexual function and well-being in the adolescent and young adult 
population, it is important to do so in a developmental context. Normal sexual 
development is variable between individuals, and it is influenced not only by age but 
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by culture and personal experiences. Sexual development begins at birth. It includes 
the physical changes that occur with growing older as well as the beliefs and behav- 
iors that people exhibit about sex. 


Infancy and Childhood 


In infancy, children are curious about their genitals and may touch them in pri- 
vate and/or public. They are completely uninhibited. During early childhood, 
children remain openly curious about their own bodies and start to develop a 
curiosity about other's bodies. As they become a little older and have more 
interaction with peers, they begin to develop an awareness of the "differences" 
between boys and girls. It is generally at this time that they become aware of the 
concept of "gender" and adopt a stable sense of gender identity. They also begin 
to ask questions about sex. 

Upon reaching school age, children begin to grasp a better understanding of soci- 
etal norms with regard to sex and sexuality. They tend to become more modest and 
may desire more privacy, such as when changing their clothing. They remain curi- 
ous about sex, but are often more reluctant to talk about it with adults. It is not 
uncommon for them to develop a sexual attraction and interest in other people dur- 
ing this stage. 


Preadolescence 


Puberty begins during preadolescence. Preadolescents may become even more 
self-conscious as they experience physical changes in their bodies. Masturbation 
becomes more common. Although they generally do not have a lot of sexual 
experience, they are aware of different types of sexual activity as well as differ- 
ences in sexual preferences and orientation. It is during this period when “group 
dating" often begins; some may even start to partner off as "boyfriend and girl- 
friend." Sexual exploration and experience varies, but often involves “making 
out." 


Adolescence 


Adolescence is a complex time when the individual transitions from a child to an 
adult. Important developmental milestones include establishing autonomy, solidify- 
ing identity, and sexual emergence. While there is a wide range of diversity in devel- 
opment and life experiences during this developmental period, it is generally 
characterized by an increased interest in romantic and sexual relationships. 
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Adolescents can and do form emotional attachments to romantic partners. There is 
also an increase in genital sex behaviors, such as sexual intercourse. 


Sexual Development in Survivors of Childhood Cancer 


Young adult survivors of childhood cancer may not reach sexual development mile- 
stones at the same rate as their peers as a result of medical and psychosocial chal- 
lenges that are the result of their cancer experience. For example, cancer treatment 
can cause failed puberty, which is characterized by delayed or absent physical matu- 
ration. When a patient's disease isolates and alienates her from peers and the “nor- 
mal" developmental experience, her psychosexual identity may not be well 
established and romantic relationships may not have the opportunity to form. As a 
result, the individual may not have ample opportunity to learn and adopt normal 
healthy sexual behaviors. 

Childhood cancer survivors experience a delay in dating and initiation of social 
contacts compared with their peers [14]. Not only are they more likely to marry later 
[15-17], they are also significantly more likely to be unmarried than their siblings 
[9]. They exhibit a later time of first sexual intercourse [14, 18, 19] and are less 
likely to be sexually active in general. They also report lower satisfaction with sex- 
ual experiences [14]. 


Risk Factors for Sexual Dysfunction 


Since altered sexual development may influence sexual function in survivors of 
childhood cancer, multiple studies have attempted to identify specific risk factors 
for sexual dysfunction. Older age, being female, and having health problems are 
factors that have been associated with sexual dysfunction in this population [8]. In 
a separate study, older age at the time of sexual function assessment, having ovarian 
failure at a younger age, a history of treatment with cranial radiation, and having a 
cancer diagnosis during adolescence were identified as risk factors for poorer sexual 
functioning [9]. 


Long-Term and Late Effects of Cancer Treatment on Sexual 
Functioning 


Cancer and its treatment can have profound effects on long-term sexual functioning. 
These effects can be the result of physiologic factors, psychosocial factors, or, most 
frequently, a combination of both [20]. 
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Physiologic Effects 


Cancer treatment modalities such as surgery, chemotherapy, irradiation, and hor- 
monal therapy can cause hormonal, vascular, and/or neurologic changes that affect 
sexual function [20]. Primary hypogonadism (ovarian failure) can result from treat- 
ment with chemotherapy (particularly alkylating agents), surgery (bilateral oopho- 
rectomy), and abdominal/pelvic irradiation. Ovarian failure results in 
hypoestrogenemia; if survivors were prepubertal at the time of failure, puberty will 
not occur. In such instances, hormone replacement therapy must be given to pro- 
mote normal development of adult height and secondary sexual characteristics. If 
failure occurs postpuberty, hypoestrogenism can result in menopausal symptoms 
such as hot flashes and vaginal dryness. 

Central hypogonadism can occur when patients receive cranial radiation that 
affects the hypothalamic-pituitary axis. As a result, the pituitary does not release the 
gonadotropins (FSH and LH) that direct ovarian function. In these cases, patients 
also may experience pubertal failure that can be treated with gonadotropin and/or 
hormone replacement. Conversely, cranial irradiation that includes the hypothalamus 
may lead to premature activation of the hypothalamic-pituitary-gonadal axis, result- 
ing in precocious puberty. 

Surgery that affects the vulva and vagina can cause dryness, sensory changes, 
and pain. Pelvic irradiation often leads to decreased blood flow that may lead to 
complications such as vaginal strictures and fistulas [21]. Survivors that receive 
these therapies may experience diminished sensation, pain, postcoital bleeding, 
and difficulties with vaginal penetration. Both pelvic surgery and radiation can 
cause nerve damage, resulting in weakening of the pelvic musculature that leads to 
discomfort during intercourse as well as urine and/or fecal incontinence. Patients 
who receive hematopoietic stem cell transplants are at risk for graft versus host 
disease of the vagina, which is associated with vaginal dryness, shortening, and 
pain [22]. 


Psychosocial Effects 


Sexual functioning is also influenced by psychological and social factors. A diag- 
nosis of cancer is life changing and often introduces challenges in peoples' lives 
beyond the obvious medical consequences. Distress, depression, or anxiety related 
to a cancer diagnosis will negatively affect a woman's sexual functioning. 
Treatment-related bodily disfigurement (as a result of a mastectomy [23], pres- 
ence of a stoma, [24]) and hair loss [25] have been shown to be associated with 
emotional distress and poorer quality of life in cancer survivors in general, but 
may be less of a problem in childhood cancer survivors [26]. However, these 
physical changes can negatively influence body image and self-esteem, decreas- 
ing one's confidence in engaging in sexual activity and/or sexual relationships. 
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Cancer-related infertility is also intertwined with sexual health; a woman might 
be reluctant to pursue and/or maintain romantic relationships because she believes 
that a potential partner might reject her because of her inability to have a biologi- 
cal child. 


Social Effects 


Personal relationships are also affected by cancer and cancer therapy. For young 
people, feelings of alienation and isolation are common. They may avoid dating and 
going out. Friendships may wane if the patient is unable to “keep up" with the 
developmental and social milestones of her peers. Often, there are changes in exist- 
ing romantic relationships, as the partner's role expands to being a caregiver. Both 
the patient and her partner may no longer fully see her as a sexual being. Finally, the 
financial impact of cancer and cancer therapy can be an additional stressor that 
influences sexual functioning. 


Female Sexual Dysfunction 


Since women who are survivors of childhood and adolescent cancer are at risk for 
sexual problems, it is important that they are screened for female sexual dysfunction 
(FSD). Accurate diagnosis is vital so that proper care can be given. 

A sexual complaint is diagnosed as a dysfunction when the criteria from the 
American Psychiatric Association's Diagnostic and Statistical Manual (DSM) [27] 
for sexual dysfunctions are met and the complaint results in significant distress. The 
newly published Diagnostic and Statistical Manual of Mental Disorders, 5th edi- 
tion (DSM-5), created new diagnostic classifications including female sexual inter- 
est/arousal disorder (FSIAD), female orgasmic disorder, and genito-pelvic pain/ 
penetration disorder (GPPPD) (see Table 5.1). Along with information obtained 
from a thorough clinical interview, physical examination, and indicated laboratory 
testing, DSM-5 criteria should be used to establish the diagnosis and etiology of 
sexual dysfunction in women. 


Female Sexual Interest/Arousal Disorder (FSIAD) 


The diagnosis of female sexual interest/arousal disorder is characterized by a lack 
of or significantly reduced sexual interest/arousal. It must be manifested by at least 
three of the following (in any combination): (1) absent/reduced interest in sexual 
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Table 5.1 DSM-5 classification of female sexual dysfunction 


Disorder Diagnostic criteria 

Female orgasmic (1) A marked delay in, marked infrequency of, or absence of orgasm 
disorder (FOD) and/or (2) a markedly reduced intensity of orgasmic sensations 
Female sexual interest/ | Requires at least three of the following (in any combination): (1) 
arousal disorder absent/reduced interest in sexual activity, (2) absent/reduced sexual/ 
(FSIAD) erotic thoughts or fantasies, (3) no or reduced initiation of sexual 


activity and being unreceptive to a partner's attempts to initiate sex, 
(4) absent or reduced sexual excitement/pleasure during sex in all or 
almost all (approximately 75—100 96) of sexual encounters, (5) absent 
or reduced sexual interest/arousal in response to any internal or 
external sexual/erotic cues (e.g., verbal, visual), and (6) absent or 
reduced genital or nongenital sensations during sexual activity during 
sex in almost all or all (approximately 75—100 96) of sexual encounters 


Genito-pelvic pain/ Persistent or recurrent difficulties with one or more of (1) vaginal 
penetration disorder penetration during intercourse; (2) marked vulvovaginal or pelvic pain 
(GPPPD) during intercourse or penetration attempts; (3) marked fear of anxiety 


about vulvovaginal or pelvic pain in anticipation of, during, or as a 
result of vaginal penetration; and (4) marked tensing or tightening of 
the pelvic floor muscles during attempted vaginal penetration 


activity, (2) absent/reduced sexual/erotic thoughts or fantasies, (3) no or reduced 
initiation of sexual activity and being unreceptive to a partner's attempts to initiate 
sex, (4) absent or reduced sexual excitement/pleasure during sex in all or almost all 
(approximately 75—100 96) of sexual encounters, (5) absent or reduced sexual inter- 
est/arousal in response to any internal or external sexual/erotic cues (e.g., verbal, 
visual), and (6) absent or reduced genital or nongenital sensations during sexual 
activity during sex in almost all or all (approximately 75-100%) of sexual 
encounters. 


Female Orgasmic Disorder 


The diagnosis of female orgasmic disorder (FOD) requires the presence of (1) a 
marked delay in, marked infrequency of, or absence of orgasm and/or (2) a mark- 
edly reduced intensity of orgasmic sensations. 


Genito-pelvic Pain/Penetration Disorder (GPPPD) 


The diagnosis of genito-pelvic pain/penetration disorder (GPPPD) requires per- 
sistent or recurrent difficulties with one or more of (1) vaginal penetration dur- 
ing intercourse; (2) marked vulvovaginal or pelvic pain during intercourse or 
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penetration attempts; (3) marked fear of anxiety about vulvovaginal or pelvic 
pain in anticipation of, during, or as a result of vaginal penetration; and (4) 
marked tensing or tightening of the pelvic floor muscles during attempted vagi- 
nal penetration. 


The DSM-5 requires that a woman must have symptoms 75—100 % of the time 
to make a diagnosis of sexual disorder, except when there is a substance or 
medication-induced disorder. The symptoms have to be present for at least 
6 months and should not be better explained by a nonsexual mental disorder, 
a consequence of severe relationship distress (e.g., partner violence) or other 
significant stressors. 


Each of the sexual dysfunction categories can be further described by using 
specifiers such as “lifelong versus acquired “and “generalized versus situa- 
tional.” The severity of the problem should also be documented— specifically, 
whether it is mild, moderate, or severe. Finally, associated features should be 
noted, including the presence of (1) partner factors (partner sexual problem 
and/or health status); (2) relationship factors (difficult communication, differ- 
ences in desire for sexual activity); (3) individual vulnerability factors (poor 
body image, history of sexual or emotional abuse), psychiatric comorbidity 
(depression and/or anxiety), or stressors (job loss, bereavement); (4) cultural 
or religious factors (attitudes about sexuality); and (5) medical factors rele- 
vant to prognosis, course, or treatment. 


Screening and Assessment 


The Children's Oncology Group Long-Term Follow-Up Guidelines for Survivors of 
Childhood, Adolescent, and Young Adult Cancer (COG-LTFU Guidelines) provide 
evidence-based recommendations for screening and management of late effects of 
cancer treatment, including psychosexual dysfunction [28]. 

It has been recommended that sexual health status in women cancer survivors 
should be assessed at regular intervals and at least annually [29, 30] as well as any- 
time a woman voices a sexual concern. To facilitate screening and assessment, 
office intake forms can include screening questions that prompt patients to provide 
information about sexual functioning. There are a number of screening instruments 
that can be used in an office setting that will allow quick identification, some of 
which have been developed and/or validated for use in cancer survivors [31-33]. 
Simply asking the patient about her sexual function and activity validates that it is 
an important part of overall health. 


5 Female Sexual Function in Childhood, Adolescent, and Young Adult Cancer Survivors — 71 


When introducing the topic of sexual functioning, it is important to communicate 
with the patient in a comfortable, nonjudgmental manner. Some providers find it is 
helpful to “normalize” the presence of sexual concerns, which lets the patient know 
that she is not the only person experiencing her problem. Questions should start as 
open ended and become more directed. No assumptions should be made about her 
sexuality or sexual behaviors (i.e., assuming sexual orientation or practice of 
monogamy). 

A complete history should be elicited with special emphasis on the gynecologic 
and sexual history. Medication should be thoroughly reviewed, as many can have 
negative effects on sexual function [34]. The physical examination should include a 
thorough pelvic examination [35]. Both external and internal genitalia should be 
evaluated for abnormalities, such as atrophy, scarring, and strictures. Laboratory 
evaluation (such as sex hormones and thyroid function tests) can be added as 
indicated. 

Although the focus of this article is on sexual functioning of adolescent and 
young adult female cancer survivors, it is imperative that other aspects of sexual 
health are discussed. Discussions about pregnancy and STI prevention are particu- 
larly important in this population, as they are vulnerable to reproductive health com- 
plications as it relates to immune compromise, incompatibility between desired 
contraception methods and treatment, and pregnancy complications [11]. 


Treatment 


Some specialty cancer centers have recognized that women with a history of cancer 
have unique needs with regard to sexual functioning and have developed supportive 
services that can help patients anticipate and manage sexual issues before, during, 
and after cancer treatment. Often, these expert teams are multidisciplinary and may 
include gynecologists, reproductive psychologists, sex therapists, and pelvic floor 
physical therapists who can assess patients and provide a comprehensive treatment 
plan to optimize sexual functioning. 

Treatment plans should be tailored to the individual patient and focus on the 
physical, psychological, and social factors that contribute to her sexual problem 
[29]. While there are few FDA-approved treatments for sexual dysfunction in 
women, there are still a considerable number of treatments that can be utilized to 
improve women's sexual satisfaction and well-being. 


Education and Setting of Expectations 


Healthcare providers can play a major role in helping women with sexual concerns 
or sexual dysfunction by providing accurate, unbiased sexual health education. 
Women who were diagnosed at a very young age might have some educational 
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deficits in this area. It is not uncommon for some to have erroneous knowledge and 
beliefs about sex, including basic anatomy and physiology. Furthermore, societal 
influences of what “normal” sex and sexuality are can promote unrealistic expecta- 
tions about how an individual woman's sex life should be. It is imperative to educate 
women that "normal" sexual functioning is variable between women and even 
throughout an individual woman's life. It should also be emphasized that the overall 
goal of healthy sexual functioning should be the achievement of sexual satisfaction 
and that she should be encouraged to define what that means for her as an individual 
and as part of a couple. 

Lifestyle modification should be encouraged, as overall well-being influences 
sexual functioning. Women should be counseled to adopt healthy lifestyle behav- 
iors, such as smoking cessation, limiting alcohol consumption, exercising most days 
of the week, getting adequate sleep, eating a healthy diet, and reducing stress as 
much as possible. The conditions surrounding sexual experiences should be opti- 
mized as well. Women should be informed of the importance of adequate sexual 
stimulation and arousal, which can be achieved with prolonged foreplay and the use 
of sexual aids. If patients experience difficulty with sexual intercourse, they should 
be encouraged to explore alternative means of expressing sexual intimacy and 
incorporate sexual activities that don't require intercourse. If intercourse is desired, 
the use of vaginal lubricants and moisturizers can make sexual activity easier and 
more comfortable. 


Non-pharmacologic Therapies 


Significant improvements in sexual function after intervention with traditional 
sex therapy and/or cognitive-behavioral therapy have been observed [36]. 
Traditional sex therapy is a behavioral treatment that aims to improve an indi- 
vidual/couple's erotic experiences while reducing anxiety and self-conscious- 
ness about sexual activity [37]. Cognitive-behavioral sex therapy includes 
traditional behavioral sex therapy components but places a greater emphasis on 
modifying thought patterns or beliefs that interfere with intimacy and sexual 
pleasure [37]. Directed masturbation has been demonstrated to be efficacious in 
the treatment of orgasmic disorders [38—40]. Mindfulness-based cognitive- 
behavioral treatments have also shown excellent promise for sexual desire prob- 
lems [41]. Brotto et al. demonstrated that a brief mindfulness-based 
cognitive-behavioral intervention was successful in improving sexual desire and 
arousal problems in gynecologic cancer survivors [41]. Finally, a two-session 
counseling intervention that included education and support regarding cancer 
and reproductive issues was found to lessen anxiety about sexual and romantic 
relationships in adolescents and young adults with cancer [41]. 

Pelvic floor therapy is a type of physical therapy that can help strengthen the 
muscles of the pelvic floor and increase blood supply and innervation to the pelvic 
floor muscles. A pelvic floor exercise program has been shown to improve pelvic 
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floor strength and sexual functioning in survivors of gynecologic cancers [42]. 
Dilator therapy is often recommended to selected patients for the prevention of 
vaginal stenosis in patients who received pelvic radiotherapy [43]; however, evi- 
dence that it prevents vaginal stenosis or improves quality of life is mixed [44]. 
Adherence to long-term use is often poor [45]. Data on the use of dilators for the 
treatment of sexual dysfunction in the adolescent population and younger is 
nonexistent. 


Pharmacologic Therapies 


For women who are prematurely postmenopausal as a result of their cancer treat- 
ment, hormonal replacement therapy can restore the normal hormonal milieu. 
However, only conjugated equine estrogen and ospemifene are FDA approved for 
the specific treatment of female sexual dysfunction. Vaginal estrogen can be pre- 
scribed in a variety of forms and is effective in the treatment of vulvovaginal atro- 
phy (VVA), a common cause of painful intercourse. However, the use of estrogen in 
any form in patients with a history of hormone-sensitive cancer is controversial. 
Ospemifene is a selective estrogen receptor modulator that acts directly on the vul- 
vovaginal tissues to reverse atrophy without exerting estrogenic effects on the uterus 
and breast; however, it has not been specifically studied in cancer survivors [46]. 
Finally, vaginal dehydroepiandrosterone has been used for the treatment of VVA; its 
use is associated with lower levels of systemic estrogen and testosterone, but its 
long-term safety profile is unknown [47]. 

The role of testosterone therapy for the treatment of female sexual dysfunction is 
even more controversial. Although it is not FDA approved for this indication, it is 
frequently prescribed off label. Testosterone has been shown to improve sexual sat- 
isfaction, general well-being, and mood [48]; however, safety concerns such as 
potential development of breast cancer and negative effects on cardiovascular health 
have limited its use [35]. 

Bupropion is a mild dopamine and norepinephrine reuptake inhibitor/nicotinic 
acetylcholine receptor antagonist that is used as an antidepressant and smoking 
cessation aid. Prior studies have shown that it is also useful in treated low desire 
in women [49], including those with SSRI-induced low desire [50, 51], and 
women receiving adjuvant hormonal therapy for breast cancer [52]. Flibanserin is 
a 5-HTI1A receptor agonist/5-HT2 receptor antagonist that was recently approved 
by the FDA for the treatment of premenopausal women with hypoactive sexual 
desire disorder (HSDD) [53, 54]. However, there are no data on its use in cancer 
Survivors. 

There are multiple sexual enhancement products that are available over the coun- 
ter. While most have not been rigorously tested for efficacy and safety, many women 
with a history of cancer express interest in their use [55]. Most pharmacologic inter- 
ventions for the treatment of sexual dysfunction have not been tested in cancer 
survivors [56], highlighting the importance of more research in this area. 
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When to Refer 


Complex cases warrant referral to professionals who have specialized training in 
sexual health and medicine. Organizations such as the International Society for the 
Study of Women's Sexual Health (www.ISSWSH.org); the American Association 
of Sexuality Educators, Counselors and Therapists (www.AASECT.org); and the 
Society for Sex Therapy and Research (www.SSTARNET.Org) have online tools 
that can assist with locating healthcare providers that specialize in sexual health 
Issues. 


Conclusion 


Healthy sexual functioning is important for girls and women who have/have had 
cancer. The ability to function sexually and experience sexual satisfaction signifi- 
cantly contributes to overall quality of life and can have implications for a woman's 
ability to develop and sustain intimate relationships [56]. Survivors of childhood, 
adolescent, and young adult cancers are at risk for sexual problems as a result of 
their cancer experience. 

It is imperative that providers are proactive about addressing sexual concerns in 
this population. There are a range of treatments that can be used to optimize sexual 
health and function of survivors. Engaging girls and women in conversations about 
how cancer and cancer treatment might affect their sexual well-being at baseline can 
empower them to seek care for these problems if and when they develop. 
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Chapter 6 
Vitrification of Ovarian Tissue for Fertility 
Preservation 


Alison Y. Ting, Steven F. Mullen, and Mary B. Zelinski 


Introduction 


Cryopreservation of embryos, oocytes, and ovarian tissue [16] is available to pre- 
serve fertility in female patients with cancer. Both embryo cryopreservation and 
oocyte cryopreservation are established methods, and ovarian tissue cryopreserva- 
tion has emerged as a promising hope for future fertility for patients who are prepu- 
bertal, adolescent, lacking partners, or those who require immediate cancer therapy. 
Cryopreservation is also the only option for patients contraindicated for ovarian 
transplantation due to the risk of reintroducing malignant cells. Autografting of 
cryopreserved ovarian tissue to women restored ovarian endocrine function in 
almost every case reported [5]. Although there are 60 reported live births from 
transplantation of cryopreserved human ovarian tissue to date, this fertility preser- 
vation option is still considered experimental [6]. All but two of the reported human 
births have resulted from ovarian tissue cryopreserved using a slow-rate freezing 
protocol. The slower progress for clinical implementation of ovarian tissue 


A.Y. Ting, PhD (œx) 

Division of Reproductive & Developmental Sciences, Oregon National Primate Research 
Center, Oregon Health & Science University, 

505 NW 185th Avenue, Beaverton, OR 97006, USA 

e-mail: ting @ohsu.edu 


S.F. Mullen, PhD 
Cook Regentec, The Brown School Location, 
500 W Simpson Chapel Road, Bloomington, IN 47404, USA 


M.B. Zelinski, PhD 

Division of Reproductive & Developmental Sciences, Oregon National Primate Research 
Center, Oregon Health & Science University, 

505 NW 185th Avenue, Beaverton, OR 97006, USA 


Department of Obstetrics & Gynecology, Oregon Health & Science University, 
3181 SW Sam Jackson Park Road, Portland, OR 97239, USA 


© Springer International Publishing Switzerland 2017 79 
T.K. Woodruff, Y.C. Gosiengfiao (eds.), Pediatric and Adolescent Oncofertility, 
DOI 10.1007/978-3-319-32973-4 6 


80 A.Y. Ting et al. 


vitrification is due to many factors. Two major limitations include the lack of a uni- 
form vitrification protocol, in contrast to slow-rate freezing, that demonstrates con- 
sistent outcomes, that is exacerbated by few clinical attempts to use ovarian tissue 
vitrification followed by transplantation for fertility restoration in women. Recent 
advances in embryo and oocyte cryopreservation have driven clinical practice in the 
United States almost exclusively to vitrification, with the vast majority of infertility 
clinics no longer having access to programmable freezers in their embryology labo- 
ratories. Thus, there is a current demand for an ovarian tissue vitrification method 
that could extend the ability of clinics to offer this option for fertility preservation. 
This need is urgent because young patients make up the majority of those who sur- 
vive their cancer and ultimately face the loss of their future fertility and for whom 
ovarian tissue cryopreservation is their only option for becoming a future parent. 


Vitrification: Facts and Fallacies 


Cryopreservation is a term used to describe procedures designed to preserve the 
viability of cells (either isolated or within the context of a tissue). As this term 
implies, very cold temperatures are paramount to achieving this goal. Extreme cold 
is useful for preservation because the rate of chemical reactions is directly propor- 
tional to the temperature, with reactions slowing markedly with a decrease in tem- 
perature. At true cryogenic temperatures, the motion of molecules has slowed to the 
point where translational movement ceases and only vibrational motion can occur 
[42]. Such a system can be thought of as being locked in place, and chemical reac- 
tions will not occur under such conditions. 

Successfully preserving the viability of biological cells by moving them into a 
cryogenic environment is more difficult than it first may seem. This is, in large part, 
because the thermodynamically stable state of cytoplasmic water at such tempera- 
tures is in the crystalline (solid) phase, and this state is not conducive to living cells. 
However, cells can tolerate more concentrated (hypertonic) environments (both 
intracellularly and extracellularly) at lower temperatures and/or for short periods of 
time, and this is exploited to preserve the viability of cells by cryopreservation [24]. 

When ice forms inside of a living cell, it is almost always lethal [23]. As such, 
cryopreservation methods work by limiting the crystallization of intracellular water. 
This occurs in two fundamentally different ways, by the two major methods used to 
achieve cryopreservation, freezing and vitrification. 

The first method is called freezing, and when performed properly, only the water 
on the outside of the cell freezes. It is fortunate that the cytoplasm of cells has the 
property of limiting the freezing of the intracellular water by depressing the ice 
nucleation temperature [39]. Additives to cryopreservation solutions, called cryo- 
protectants, increase the efficiency of ice nucleation suppression [31]. The result of 
this phenomenon provides a means by which the development of intracellular ice 
can be eliminated, and it works in the following way. Cells are cooled in a solution 
to the point where the extracellular water will freeze, yet the intracellular water will 
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not. The change in phase of the extracellular water results in a chemical potential 
differential between the intracellular and extracellular water, causing water efflux 
from the cell. This effectively dehydrates the cell, and if the temperature decrease is 
slow enough, eventually the cytoplasm becomes too concentrated for ice to form 
[22]. When this occurs, the cells can safely be placed into long-term cryogenic stor- 
age without concern of damage due to intracellular ice. 

Concentration of the cytoplasm is not healthy for cells, and they can perish due 
to excessive dehydration, even at reduced temperatures [23]. It is the optimal bal- 
ance between minimizing these two sources of damage, intracellular ice formation 
and cellular dehydration, that results in successful freezing. 

Unfortunately for tissue preservation, even extracellular ice formation can be 
damaging [30]. It is this problem that the second general method of cryopreserva- 
tion, termed vitrification, is designed to overcome [7]. Vitrification methods attempt 
to preclude the formation of intracellular and extracellular ice by starting the system 
at a solute concentration that will not permit ice crystallization. This chapter focuses 
on recent developments in laboratory research that have the long-term goal of find- 
ing a successful method to vitrify primate ovarian tissue. We will describe the 
results of our research and summarize the progress made by others to provide an 
up-to-date summary of the state of the science as of today. Before we get to that, 
however, we will attempt to clarify some of the misconceptions about vitrification 
that make our approach counterintuitive to many in the field. 

As mentioned above, freezing is a method that relies upon the formation of ice in 
the extracellular space to adequately dehydrate the cells or tissues to prevent intra- 
cellular ice formation and uses very slow cooling rates (usually less than or equal to 
1° per minute after extracellular ice has formed) to facilitate safe dehydration. 
Vitrification, on the other hand, attempts to preclude all ice formation in the entire 
sample by the use of relatively high concentrations of solutes before cooling. 
Currently, most vitrification procedures used in the human embryology laboratory 
utilize very high rates of cooling and warming (between 10,000 and 100,000 °C per 
minute) in an attempt to vitrify the sample [40]. We use the word "attempt" here 
because many vitrification methods utilize solutions that are too dilute to prevent ice 
formation during the cryopreservation procedure despite the assumption to the con- 
trary [13]. While it is beyond the scope of the current chapter to present a thorough 
review of the physical aspects of vitrification (please see excellent reviews such as 
[1, 8, 26, 29, 42]), it is sufficient to say that ice forms much more readily during 
warming than during cooling [13] as shown in Table 6.1. As a result, itis commonly 
assumed that a vitrification procedure is successful (i.e., prevents ice formation) 
when no ice can be seen to form during cooling. However, unless the solution is 
known to be stable during cooling and warming, ice is likely to form during 
warming. 

Another common misconception is that the only way any solution can maintain 
a vitreous state is to cool and warm it at an extraordinary speed (on the order of 
1500 ?C per second). In fact, as demonstrated by the data in Fig. 6.1, the critical 
rates (rates necessary to prevent ice formation) are dependent upon both the solution 
composition and concentration. Some cryoprotectants (e.g., propylene glycol) are 
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Fig. 6.1 As the solute (including the cryoprotectant) concentration of a solution increases (x axis), 
the cooling and warming rates (warming rates shown here on y axis) necessary to maintain an ice- 
free state decrease, and this decrease continues until no measurable ice forms in the solution and 
occurs at very low rates of temperature change (<1 °C per minute) 


much better vitrifying agents than others. As the solute (including the cryoprotec- 
tant) concentration of a solution increases, the cooling and warming rates necessary 
to maintain an ice-free state decrease, and this decrease continues until no measur- 
able ice forms in the solution at very low rates of temperature change (i.e., less than 
1 °C per minute). A common criticism of the vitrification method developed in our 
lab is that the cooling and warming rates are far too slow. In fact, our vitrification 
solution was designed such that it maintained a vitreous state at the low cooling and 
warming rates applicable to our method. 

Chemical and osmotic toxicity of cryoprotectant solutions are a far greater con- 
cern for vitrification procedures. This is because solutions used for freezing (versus 
vitrification) are much less concentrated at the temperature associated with initial 
cell and tissue exposure. The good news is that these problems can often be over- 
come. Adding and removing the cryoprotectants in several steps, and also using of 
osmotic buffers such as non-permeating sugars during cryoprotectant removal, can 
overcome excessive osmotic stress [29]. One caveat to using this approach is that 
the exposure time to the cryoprotectants will be longer and may exacerbate chemi- 
cal toxicity. Adding and removing cryoprotectants at cold temperatures (i.e., 4 °C or 
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lower), at least during the steps where higher concentrations are relevant, has the 
potential to reduce chemical toxicity. This approach may exacerbate osmotic stress, 
however, as the permeability of cryoprotectants to cells is usually much lower at 
these temperatures compared to water [25]. Another approach to reducing osmotic 
and chemical toxicity is to expose the cells to high values of these stresses for short 
periods of time. This approach is commonly utilized in current methods to vitrify 
oocytes and embryos, as the steps associated with exposure to the vitrification solu- 
tion before cooling and during warming are very short (often less than 1 min). Such 
an approach will be more difficult for tissue, however, as the time necessary to 
concentrate the intracellular cryoprotectants sufficiently to maintain a stable vitreous 
state during the final step of cryoprotectant addition depends upon the size and 
geometry of the sample. This simply cannot be accomplished for tissue pieces on 
the same time scale as it is done for oocytes and embryos. As a result of these chal- 
lenges inherent with tissue vitrification, thoughtful experiments must be designed 
and conducted in order to achieve effective vitrification. 

A final challenge that we wish to discuss is that associated with the fracturing of 
a vitrified solution. The assumed need to cool and warm as fast as possible to suc- 
cessfully vitrify has led many investigators to plunge relatively large samples (e.g., 
cryostraws and cryovials) directly into liquid nitrogen to facilitate rapid cooling. 
While this approach does maximize the cooling rate, this approach can result in the 
generation of excessive thermomechanical stress within the vitrified sample, and 
fracturing of the vitrified glass is often seen, and occurs to relieve this stress [34]. 
The problem with glass fracturing is that the tissue is also prone to fracturing, and 
this can result in irreversible damage. One way to avoid the buildup of this stress is 
to slow down the cooling and warming of the sample. This apparent paradox leaves 
many confused. However, as we just described, rapid cooling and warming is not 
necessary to achieve and maintain a vitreous state if other variables in the system 
are properly designed. 

As one can gather from the above discussion, vitrifying larger samples, such as 
tissue, becomes rather complicated due to the inherent limitations that the size of 
the material imposes on the system. However, it is our belief that with thoughtful 
experiments designed to understand the sensitivities of the material that one wishes 
to vitrify, it will be possible to engineer procedures that account for these sensitivi- 
ties and result in a method that successfully preserves the viability of the 
biomaterial. 


Development of Ovarian Tissue Vitrification Based 
on Cryobiological Principles 


Vitrification has benefits independent from the ability to prevent lethal ice formation 
in a sample. From a practical standpoint, it is often a faster means to get samples 
into cryogenic storage. For isolated cells like oocytes, a procedure on one to two 
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oocytes can be completed in approximately 12 min. On the contrary, because freez- 
ing cools the cells very slowly (i.e., 1 °C per minute between —5 and —35 °C), a 
freezing procedure usually takes more than an hour. 

As with any multiparameter procedure, there are literally countless numbers of 
ways to vitrify biological material. The steps to vitrify a sample include incubating 
the biomaterial in a solution containing cryoprotectants, loading the sample into or 
onto a support system, cooling that system, holding the system in a long-term stor- 
age vessel, warming the sample, diluting the cryoprotectant solution, and then uti- 
lizing the sample in the intended way. Since each of these steps could be done in any 
one of a number of ways, the possible number of combinations of these parameters 
is theoretically infinite. This variety of combinations of parameters is reflected in 
the fact that more than 40 vitrification procedures have been developed and tested 
on human ovarian tissue throughout the years [1], the majority of protocols having 
been developed for oocyte or embryo vitrification, but not optimized for the com- 
plexity of cell types within ovarian cortical tissue that differ in cryoprotectant uptake 
and osmotic tolerance. 

While it is likely that any number of methods could work equally effectively, it 
is also likely that more methods would fail than succeed. The difficulty, then, is to 
sort through all of the possible choices of parameters to find the right combination. 
We have approached this task in our efforts to vitrify nonhuman primate ovarian 
tissue by using some fundamental cryobiological principles to narrow the possible 
choices and, within that more limited sampling space, identified better choices 
based upon empirical testing. 

One of the most important design restrictions upon which we imposed ourselves 
was that the sample had to be held inside of a truly closed system; closed in this 
context means that the sample is isolated from its environment during storage. We 
achieved this goal by using a straw that is large enough to hold small tissue pieces 
yet can be hermetically sealed. Using this vessel imposed restrictions on the other 
parameters, most noteworthy the achievable rates of temperature change during 
cooling and warming. 

Since the straw we have chosen is much larger than the devices currently used to 
vitrify cells in embryology laboratories, we were limited to cooling and warming 
rates no greater than a few hundred °C per minute. As a result, this required us to 
develop vitrification solutions that would form stable glasses at such cooling and 
warming rates. As mentioned above, this is achievable, contrary to much of the cur- 
rent thinking. 

Using a larger system does have some advantages, such as easier handling and 
labeling. The disadvantages include the use of higher concentrated solutions, with 
presumably higher toxicity, as discussed. However, we felt that, with enough effort, 
we would be able to overcome this challenge and develop a vitrification method that 
would form a stable glass and also have limited toxicity to primate ovarian tissue, 
allowing its use in a newly designed system. 

Another advantage of having a larger system is that it is quite easy to observe 
ice formation during cooling and warming. We took advantage of this fact when 
designing our vitrification solutions and confirmed the absence of ice during cool- 
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ing and warming by using a sensitive thermal analysis (differential scanning 
calorimetry). 

Relatively few compounds have been identified that have cryoprotective proper- 
ties and can be used as cryoprotectants. In the area of assisted reproduction, these 
include dimethyl sulfoxide (DMSO), ethylene glycol, propylene glycol, glycerol, 
and sucrose. All of these compounds except for sucrose fall into a class known as 
permeating cryoprotectants since they are able to diffuse across the cell membrane 
and enter the cytoplasm. In nearly all instances known, a cryopreservation solution 
must have at least one permeating cryoprotectant. Since vitrification solutions con- 
tain a relatively high concentration of cryoprotectants, a combination of two or 
more of these compounds are usually utilized, in an effort to reduce the specific 
toxicity of each single compound. 

In one of our early experiments, we compared two vitrification solutions, one 
containing a combination of DMSO and ethylene glycol and the other containing a 
combination of glycerol and ethylene glycol. In order to determine the appropriate 
concentration of each of the compounds, we tested solutions containing an increas- 
ing concentration of the combination of each. Our goal was to have a solution with 
just enough of the solutes to form a stable glass in the straw system — too much 
would exacerbate chemical toxicity, and too little would facilitate ice formation. It 
was determined that with the combination of DMSO and ethylene glycol, a total 
concentration of 51 % by weight would suffice, and with the glycerol-ethylene gly- 
col combination, 53 96 was sufficient. 

When testing these solutions, we witnessed a phenomenon that rarely occurs and 
goes against common assumptions. At these concentrations, while the solutions 
themselves remained vitreous during cooling and warming, the pieces of tissue 
actually froze during warming! It is often assumed that, because the cytoplasm of 
cells contains such a high concentration of proteins and other macromolecules, the 
cytoplasm is much more likely to vitrify than the surrounding solution. While this 
is probably true in a general sense, it is not an absolute fact, as we observed (also, 
see the discussion in [13]). We were able to overcome this problem by simply 
increasing the overall solute concentration by 1 % to a total of 54 % when using the 
glycerol and ethylene glycol combination. With the slightly higher concentration of 
solutes, both the solution and the tissue appeared to remain vitreous throughout both 
the cooling and warming process (Fig. 6.2). 

We also tested the addition of synthetic polymers to the vitrification solutions, to 
determine their effect on the tissue after cooling and warming. The particular 
polymers were chosen for their ability to enhance vitrification at slow cooling and 
warming rates. Based upon the molecular configuration of these polymers, it is 
believed that they either directly interact with ice crystals, preventing their growth, or 
they interact with inherent nucleating agents that are often found in solutions, reduc- 
ing the ability of ice crystals to form. Whatever their mechanism, we found that the 
addition of these polymers to the vitrification solution resulted in better preservation 
of the tissue. Because of their presumed mechanism of action, these polymers are 
only included in the vitrification solution (i.e., not the cryoprotectant loading or 
equilibration solutions) used in the last step prior to cooling of the tissue. 
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Fig. 6.2 Top: 
Devitrification of macaque 
ovarian tissue contained 
inside a heat-sealed high 
security plastic straw is 
observed when the 
concentration of 
permeating cryoprotectants 
(52.96) is not optimal. 
Bottom: Successful 
vitrification of macaque 
ovarian tissue in a closed 
system upon both cooling 
and warming occurs with 
optimal concentration of 
permeating cryoprotectants 
(54 96) (See Ting et al. [38] 
for details) 


In each of the experiments that we conducted, we were able to identify levels of 
parameters that resulted in improvements in the experimental outcomes. We pro- 
gressed in an incremental fashion, choosing the best parameter levels to include in 
future experiments, where other parameters were assessed. In the end, we have 
developed a vitrification method that met our design criteria — having a closed sys- 
tem that is easy to use and insures that the sample remains vitreous throughout the 
entire procedure. The good news is that the tissue, having been vitrified using this 
system, maintains a high level of viability. The viability of the tissue remains 
slightly less than the non-cryopreserved tissue, as measured by our experimental 
endpoints, suggesting that further improvements might be achievable. Nevertheless, 
we feel that, by applying good cryobiological principles and designing careful 
experiments, we were able to make significant progress toward the development of 
a very good vitrification method for nonhuman primate ovarian tissue that can even- 
tually be applied to human tissue. 
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The gold standard and ultimate assessment for the success of a vitrification protocol 
for ovarian tissue preservation in cancer patients is live birth, which can take several 
years to achieve given that the patient has to be disease-free and healthy. Other end- 
points, which are less time consuming, have been used frequently to evaluate the 
effectiveness of different vitrification methods for ovarian tissue. These endpoints 
include tissue morphology, follicle counts, protein markers for follicle health and 
function, as well as in vitro (tissue and isolated follicle culture) and in vivo follicle 
development (xenograft and autograft). The advantages and disadvantages of these 
endpoints are discussed here. 

Tissue histology is the most common endpoint and provides an evaluation of the 
health of ovarian follicles and stroma based on morphology. Using tissue histology 
as an endpoint is simple and produces quick results. In addition, morphological 
change is often the first indicator of cryodamage such as abnormal cellular shrink- 
age and swelling resulting in lysed cells. The disadvantage of using tissue morphol- 
ogy as the sole endpoint is the lack of functional evaluation. Damage to intracellular 
organelles and intercellular contacts, which are important for follicle development 
and survival, can be triggered by cryoprotectant toxicity and the vitrification proce- 
dure without apparent histological changes. 

Tissue morphology is often accompanied with follicle counts. Follicle counts 
provide an estimation of follicle numbers in fresh vs. vitrified tissues. However, one 
must take great caution in interpreting these results. In primate ovaries, the distribu- 
tion of follicles is heterogeneous and follicular density can vary more than two 
orders of magnitude in cortical tissues within the same ovary [33]. Therefore, it is 
difficult, if not impossible, to compare numbers of follicles in different treatment 
groups. In addition, follicles that had been lysed would not be detected following 
counting, resulting in an overestimation of follicular survival. For these reasons, 
follicular quantification and tissue morphology, while providing a quick and general 
evaluation of tissue health, are much more useful when combined with analyses 
such as protein and functional endpoints in evaluation of vitrification protocols. 

Protein markers are routinely used in examining tissue and follicle health prior to 
and following vitrification. Protein expression/localization is most frequently 
assessed using immunohistochemistry, and markers used are typically related to 
cellular growth/proliferation, apoptosis pathways, ovarian follicle-specific proteins, 
and vasculature. Classical markers of cellular proliferation include Ki-67 [2], pro- 
liferating cell nuclear antigen (PCNA; [27]), and phospho-histone H3 (PPH3; [37]). 
Apoptosis markers are often used to indicate follicle death/atresia and include active 
caspase-3 [44]; Fas, Fas ligand, Bcl-2, Bax, and p53 [14]; and TUNEL assay [21]. 
Follicle-specific markers are used to assess the health and developmental potential 
of the ovarian follicles, and these include growth differentiation factor 9 (GDF-9), 
anti-Müllerian hormone (AMH; [2]), activin, and phosphorylated Smad 2 (p-Smad 
2; [17]). Both GDF-9 and AMH are members of the TGF family. GDF-9, expressed 
in the cytoplasm of the oocyte, plays an important role during early folliculogenesis 


88 AY. Ting et al. 


[28]. AMH is produced by granulosa cells of follicles from the primary to antral 
stage with its peak production in the small antral follicles [41]. Activin has been 
shown to be important for granulosa cell proliferation and follicle development, 
while Smad 2 is a downstream target of activin and is phosphorylated upon the 
activation of activin [12]. Finally, markers of vascularization are often used to assess 
the potential of the ovarian stroma to re-vascularize and support follicle survival and 
growth after transplantation. These markers include vascular endothelial growth 
factor (VEGF; [9]), a potent angiogenic factor that promotes growth of vascular 
endothelial cells, as well as CD31, also known as platelet endothelial cell adhesion 
molecule-1 (PECAM- 1), an endothelial cell marker [21]. Endpoints such as tissue 
morphology and protein expression can give a rapid evaluation of the tested vitrifi- 
cation method; however, these endpoints do not reflect true ovarian function. 

Other relatively short-term functional assays can be performed and are important 
for evaluating vitrification methods. Bromodeoxyuridine (BrdU) is incorporated 
into newly synthesized deoxyribonucleic acid (DNA) during the S phase of mitosis 
in dividing cells and can be used for the evaluation of tissue viability post-warming 
in culture. Vitrified ovarian tissues are cultured with BrdU for 48 h at 37 °C in 5 96 
CO, and subsequently fixed and immunostained for BrdU [20]. BrdU incorporation 
is mainly observed in granulosa cells of preantral follicles as well as stromal cells. 
BrdU incorporation may be a more accurate reflection of post-thaw viability as well 
as the ability of cells to recover from cryopreservation procedures. 

Individual secondary follicles isolated from vitrified tissue have been encapsu- 
lated in alginate and cultured to evaluate follicle survival, growth, and ability to 
form an antrum and produce hormones (i.e., estradiol, progesterone, and AMH) as 
well as generate mature oocytes and live births (in rodent models only) [10, 38]. 
Vitrified ovarian tissue pieces have also been cultured in vitro; however, the current 
tissue culture system is still suboptimal and does not support long-term tissue via- 
bility; increased atretic follicles are observed in pieces of ovarian cortex cultured for 
longer 5 days [43]. Nevertheless, in vitro culture of ovarian cortical tissue provides 
insights into tissue morphology as well as short-term functional endpoints such as 
hormone production [15], the ability of follicles to grow [38], and expression of 
protein markers mentioned above [32]. 

Another option for examining the function of vitrified ovarian tissue is xeno- 
transplantation. A recent review by Dittrich and colleagues [4] summarizes studies 
wherein prepubertal or adult human ovarian tissue cryopreserved by slow-rate 
freezing was transplanted into various sites (kidney capsule, intra-abdominal pock- 
ets, subcutaneous spaces, intramuscular pockets) of immunocompromised mice 
with resultant recovery of ovarian function and, in a few cases, development of 
antral follicles from which metaphase II ooyctes were recovered. Xenotransplantation 
of cryopreserved human ovarian tissue provides several advances over other in vitro 
functional assays such as the ability to evaluate re-vascularization of the ovarian 
graft, as well as long-term (months) in vivo support of follicular development to the 
antral stage. However, daily injections of human follicle-stimulating hormone are 
required to support follicle survival and growth. While an additional and critical 
application of xenotransplantation of human ovarian tissue is to assess the risk of 
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reintroducing malignant cells [4], the concept of maturing human oocytes within 
another species is not yet clinically acceptable to be used as a means of fertility 
restoration. 

Autotransplantation of vitrified ovarian tissue can be performed in the nonhuman 
primate model and can provide crucial information regarding the viability and func- 
tion of vitrified ovarian tissue. Several groups have used nonhuman primates to 
evaluate vitrification methods for ovarian tissue and these studies are discussed in 
the section below. 


Nonhuman Primate Models of Ovarian Tissue Vitrification 


While valuable, studies using human ovarian tissues suffer from the limited avail- 
ability of human ovarian tissue for research. As a result, these studies often use 
pooled samples from different patients of various ages and reproductive back- 
grounds, resulting in a lack of systematic comparison. The nonhuman primate is an 
ideal animal model for obtaining ovarian tissue for vitrification studies, due to the 
vast similarities in reproductive physiology and anatomy, including ovarian struc- 
ture and function, between nonhuman primates and women. In addition to our labo- 
ratory, two other groups have utilized the nonhuman primate model in efforts to 
optimize ovarian tissue vitrification techniques; the current results to date are dis- 
cussed here. 

Suzuki and colleagues [11] systemically examined two different vitrification 
solutions (VSED, ethylene glycol, dimethyl sulfoxide, and sucrose, vs. VSEGP, 
ethylene glycol, polyvinylpyrrolidone [PVP], serum supplement substitute [SSS], 
and sucrose) and three different equilibration times (5, 10, and 20 min) on the mor- 
phology of cynomolgus macaque ovarian tissue post-thaw. In this study, the authors 
utilized an open system that involved direct plunging of the tissue into liquid nitro- 
gen. While resulting in a high cooling rate, direct contact between the tissue and 
liquid nitrogen poses a safety risk for possible contamination from direct contact of 
tissue with liquid nitrogen as well as cross contamination between specimens dur- 
ing storage [3]. The VSEGP vitrification solution preserved a higher proportion of 
morphologically normal follicles compared to VSED. Transmission electron 
microscopy of vitrified-thawed ovarian tissue revealed that vitrification caused vac- 
uolated mitochondria, an elevated surface ratio of lysosomes per oocyte cytoplasm, 
as well as collapsed collagen bundles between follicles and stromal cells. However, 
of the two vitrification solutions tested, VSED caused increased cryodamage com- 
pared to VSEGP. In addition, a shorter exposure time (5 min) using the VSEGP 
vitrification solution preserved follicle morphology, normality of mitochondria, and 
lysosomes in preantral follicles, compared to longer exposure times (10 and 20 min). 
Using the optimal vitrification solution and exposure time combination, this group 
adapted a closed system (0.5 cc straws) for tissue safety and assessed long-term 
function of vitrified ovarian tissue following heterotopic transplantation in cyno- 
molgus macaques [35]. The heterotopic sites included retroperitoneal iliac fossa, 
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omentum, uterine serosa, and mesosalpinx. Recovery of ovarian cyclicity, based on 
circulating estradiol and progesterone levels, was confirmed in three of four mon- 
keys between 78 and 207 days posttransplantation and was maintained for as long 
as 716 days. In animals with confirmed ovarian cycles, ovarian stimulation with 
exogenous gonadotropin treatment was performed, and oocytes were collected 40 h 
after human chorionic gonadotropin (hCG) administration. This was the first study 
in primates wherein oocytes (n=9 total) were collected from preovulatory follicles 
derived from vitrified ovarian tissue transplanted to non-ovarian sties. Some of the 
oocytes underwent fertilization with subsequent early embryonic development (8- 
to 16-cell stages) in vitro, establishing the potential of ovarian tissue vitrification to 
yield healthy gametes and embryos. The authors also utilized contrast-enhanced 
computed tomography to monitor reestablishment of vascularization and blood flow 
to the ovarian grafts and found abundant vasculature in the greater omentum, sug- 
gesting this as an optimal site for heterotopic transplantation of vitrified-thawed 
ovarian tissue. 

Amorim and colleagues vitrified baboon ovarian tissue with dimethyl sulfoxide, 
ethylene glycol, human serum albumin, PVP, and sucrose by directly plunging the 
tissue into liquid nitrogen using Cryopins [2]. After warming in sucrose, ovarian 
tissue was transplanted orthotopically and covered with Interceed, a fabric composed 
of oxidized, regenerated cellulose designed to reduce the formation of postsurgical 
adhesions. Endpoints in this study included tissue histology and fibrosis (assessed 
using Masson's trichrome), follicle density, and immunohistochemistry for Ki67, 
AMH, GDF-9, caspase-3, and CD31. Results from this study demonstrated that 
ovarian follicles in vitrified-warmed ovarian grafts can survive, grow to the antral 
stage, and form corpora lutea, with evidence of ovulation in vivo 5 months post- 
transplantation. Follicles in vitrified-warmed grafts appeared healthy as they exhib- 
ited similar morphology and expressed Ki-67, AMH, and GDF-9 immunostaining 
with minimal caspase-3 staining relative to non-cryopreserved ovarian tissue. In 
addition, vitrified-warmed grafts also expressed similar numbers of blood vessels as 
marked by CD31 staining and did not exhibit increased areas of fibrosis relative to 
tissue that was not vitrified. Oocyte collection was not attempted. This study dem- 
onstrated promising results in the survival and development of vitrified-warmed 
grafts. The authors credited some of this success to the rapid transplantation time 
following ovarian biopsy; orthotopic transplantation was performed 24 h after 
removal of the cortex for vitrification. Thus, the fresh graft site might result in less 
ischemic damage typically observed after longer intervals between thawing and 
orthotopic transplantation. Ischemia remains an important issue for follicle survival 
because cancer patients will return to the clinic many years, if not decades depend- 
ing upon the age of the patient at the time of ovarian tissue vitrification, to undergo 
orthotopic transplantation for restoration of ovarian function and fertility. 

Our group employed the rhesus macaque as a model for vitrification of human 
ovarian tissue and developed first an open system [37] and then moved to a closed 
system [38]. Using an open system and ethylene glycol and glycerol as cryoprotec- 
tants, we discovered the benefits of adding a combination of synthetic polymers to 


6 Vitrification of Ovarian Tissue for Fertility Preservation 91 


the final vitrification solution, including a copolymer of polyvinyl alcohol (PVA, 
super cool X-1000™), PVP K12, and polyglycerol (super cool Z-1000TV), in pre- 
serving ovarian morphology as well as cellular proliferation as assessed by PPH3 
localization and BrdU incorporation post-vitrification [37]. Preantral follicles from 
vitrified-warmed tissues were also isolated and cultured in a three-dimensional 
(3D) environment within alginate as a biomatrix to assess follicle survival, growth, 
and ability to form an antrum and produce steroid hormones such as estradiol and 
progesterone. Encapsulated 3D follicle culture provided functional evidence of 
follicle viability post-vitrification and further supported the benefit of using poly- 
mers during tissue vitrification. However, secondary follicles isolated from vitri- 
fied-thawed tissue grew slower than those from non-cryopreserved tissue, and to 
date, healthy oocytes have not been obtained after 3D follicle culture in vitro. 
Similar to the study performed by Hashimoto et al. [11], we found that a shorter 
exposure time of ovarian cortical tissue to the vitrification solution (3 min in com- 
parison to 8 min) resulted in less cryodamage, possibly due to toxicity induced by 
cryoprotective agents during a longer incubation [30]. In addition, we observed 
that the presence of DMSO in the vitrification solution promoted higher cryodam- 
age in comparison to the vitrification solution without DMSO (Fig. 6.3). While 
DMSO is a frequently used cryoprotant in embryo, oocyte, and ovarian tissue vit- 
rification, its negative effect found in our study could be attributed to the slow 
cooling rate, and therefore, a longer interval of exposure before the tissue is 
vitrified. DMSO induces toxicity by causing irreversible disruption of the microtu- 
bular system in mouse oocytes [18]. 

We also carefully examined the thermodynamics of our vitrification solution 
using differential scanning calorimetry (Fig. 6.4) for successful vitrification without 
devitrification in a fixed volume and confirmed the concentration required to stably 
vitrify in a 2 ml high security straw leading to successful development of a closed 
system for the vitrification of macaque ovarian tissue [38]. We incorporated the use 
of a tissue slicer to prepare uniformly thin pieces of ovarian cortical tissue 
(0.5—1 mm). Since the tissue thickness is uniform (optimal for cryoprotectant load- 
ing), the length and width of the pieces can vary according to the need for transplan- 
tation. We examined each piece of tissue for the presence of preantral follicles prior 
to initiation of the vitrification procedure. We enhanced tissue loading with solu- 
tions by placing the petri dishes containing tissue and solutions on top of an orbital 
laboratory shaker so that tissue was constantly moving thus facilitating tissue satu- 
ration. Since we have now determined the limiting concentration for 1 ml of vitrifi- 
cation solution to vitrify in a sealed straw, theoretically, as long as the tissue is 
saturated with the vitrification solution (facilitated by uniform thickness and con- 
stant stirring during loading) and can fit into the same configuration (6x60 mnm?), 
regardless of its size, it will vitrify. Figure 6.5 depicts the final composition of our 
optimal cryoprotectant and vitrification solutions used in our closed system for vit- 
rification of macaque ovarian cortical tissue [30]. Tissues were exposed to one- 
fourth, one-half, and 1X vitrification solution containing 54% permeating 
cryoprotectants [27 % ethylene glycol (weight/weight) and 27 % glycerol (weight/ 


92 AY. Ting et al. 


Thermodynamics during cooling 


120 
—— VEGTest 1 2 2 
EB Tuas No crystallization peak 
= 80 —— WEG Test 3 
S. a 
o 
g 
ui 0 
z 
o 
uo 
E. 
o 
I .80 
-120 
-160 -140 -120 -100 -80 -60 -40 -20 0 
Temperature (°C) 
Thermodynamics during warming 
240 
—— VEG Test 1 
= 180 —— VEG Test 2 
3 — VEG Test 3 
pu 120 
2 
g 0 
c 
w 
z 0 
9 
iL 60 
E. 
o 
I 120 " 
No devitrification peak 
-180 


-160 -140 -120 -100 -80 -60 -40 -20 0 
Temperature (°C) 


Fig. 6.3 Differential scanning calorimeter thermograms during cooling (top; temperature on the x 
axis decreasing from the left to the right) and warming (bottom; temperature on the x axis increas- 
ing from left to right) of vitrification solution containing ethylene glycol and glycerol (1:1). Glass 
transition temperature (Tg) was extrapolated as the midpoint of the thermal transition during cool- 
ing. The absence of phase transition peaks during cooling and warming validates the lack of crys- 
tallization during cooling as well as the lack of devitrification and melting during warming. Arrows 
indicate the onset of rapid warming at —110 ?C, just above the temperature range of the glass 
transition (Adapted from Ting et al. [38]) 
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Fig. 6.4 Morphology of 
vitrified-thawed macaque 
ovarian tissue 
(hematoxylin and eosin 
staining). Top: Ovarian 
tissue vitrified with 27 % 
ethylene glycol (3.2 M) 
and 27 % glycerol (4.7 M). 
Bottom: Ovarian tissue 
vitrified with 25.5 96 
ethylene glycol (3 M) and 
25.5 % DMSO (4.5 M). 
The percentage of 
abnormal primordial and 
primary follicles as well as 
oocytes in secondary 
follicles was higher in 
tissue vitrified with 
DMSO. Cryodamage 
included shrunken and 
vacuolated oocytes, as well 
as abnormal space between 
the follicle and stroma. 
Granulosa cell morphology 
in secondary follicles and 
stromal integrity was 
similar in tissue vitrified 
with or without DMSO 
(Adapted from Ting et al. 
[38]) 


Fig. 6.5 Composition of 
our current working 
cryoprotectant and 
vitrification solutions for 
vitrification of macaque 
ovarian tissue in a closed 
system; see Ting et al. [38] 
for details 
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weight)] prepared in Sage holding medium containing ascorbic acid phosphate with 
the addition of 15 % synthetic serum protein supplement (SPS; v/v) for 5 min/step 
at 37 ?C. In the last step, tissue is incubated for 1 min in vitrification solution con- 
taining non-permeating XYZ polymers (total of 1 %, v/v) and then loaded into the 
high security plastic straw, and the ends are heat sealed. 

We also demonstrated that vitrification of ovarian tissue in 1 ml of vitrification 
solution requires a slower cooling rate (~35 °C/min; cooling was carried out in liq- 
uid nitrogen vapor as opposed to direct plunging into liquid nitrogen or super rapid 
cooling as described above) to avoid introducing fracture to the sample as discussed 
above [30]. Thus, we currently use a two-step cooling protocol wherein, after the 
last step of cryoprotectant loading, ovarian tissue is held in liquid nitrogen vapor at 
—150 °C to —180 °C for 10 min and then plunged into liquid nitrogen. Likewise, a 
two-step warming procedure is used to prevent devitrification of the tissue; closed 
straws containing ovarian tissue are held at 30 °C in the air for 1 min, followed by 
placement into a 40 °C water bath for 30 s. Thawed tissue is then exposed to decreas- 
ing concentrations of sucrose for removal of the vitrification solution [30]. 

When vitrified-thawed ovarian tissue was transplanted heterotopically to subcu- 
taneous sites in the arm or abdomen, our preliminary results indicate restoration of 
ovarian cyclicity as well as development of preovulatory follicles that yielded 
mature oocytes capable of fertilization and early embryonic development [20]. 
Although the oocyte and embryo yield in our preliminary studies was also few, 
these results nonetheless lend credence to the effectiveness of our logical and sys- 
tematic approach based on cryobiological principles for optimizing vitrification for 
ovarian cortical tissue. The “gold standard" endpoint of live offspring has not yet 
been achieved in nonhuman primate models but remains a major goal along with 
delineating the best sites for transplantation that will consistently yield competent 
oocytes for restoring fertility. 


Successful Vitrification of Human Ovarian Tissue 


The first documented attempts at transplantation of vitrified ovarian tissue in women 
were reported in two publications [19, 36]. In these pioneering studies, ovarian cor- 
tical tissue from patients with premature ovarian failure, not caused by cancer treat- 
ments, was vitrified with ethylene glycol and PVP and placed on a “Cryosupport” 
within a cryovial then into liquid nitrogen. Each of 20 patients with residual follicles 
present in their ovarian grafts prior to vitrification had 40—80 pieces of thawed ovar- 
jan tissue transplanted within a pocket of the mesosalpinx. The tissue was pretreated 
in vitro with drugs that stimulate the activity of Akt (protein kinase B) presumably 
to increase primordial follicle activation; unfortunately, there were no patients who 
received transplants of non-treated tissues to justify this conclusion. Nonetheless, 
nine patients resumed ovarian cyclicity, and 24 oocytes were retrieved from six 
patients. Three pregnancies ensued, with one miscarriage and two live births. These 
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reports unequivocally demonstrate that vitrification can be an effective method of 
ovarian tissue cryopreservation that preserves ovarian function, including the fertile 
potential of this tissue, in women. 


Collectively, studies in nonhuman primate models have provided a basis for 
consideration of ovarian tissue vitrification, in contrast to slow-rate freezing, 
for cryopreserving human ovarian tissue. Many parameters for optimization 
of ovarian tissue vitrification including tissue dimensions, cryoprotectant 
concentrations, cryoprotectant loading times and temperatures, cooling rates, 
warming rates, and cryoprotectant removal have been tested and validated in 
both open and closed systems in nonhuman primates. These studies also 
extended endpoint analysis beyond evaluation of static tissue morphology 
and follicle counts. Importantly, bona fide ovarian function in vivo was 
observed after transplantation of vitrified-thawed tissue which is required for 
moving toward the ultimate goal of restoring fertility and production of live 
offspring. The recent live births in women who underwent heterotopic trans- 
plantation with vitrified-thawed ovarian tissue can now provide some confi- 
dence that vitrification can move forward as an acceptable means of 
cryopreserving human tissue for restoring ovarian function and fertility. The 
necessity for ovarian tissue vitrification in the United States is evident from 
the fact that vitrification is now the accepted clinical method for cryopreserv- 
ing oocytes and embryos. With this in mind, ovarian tissue vitrification using 
optimized protocols underscored by best manufacturing methods for vitrifi- 
cation solutions along with successful clinical practice for transplantation is 
also an immediate need for patients whose sole option for one day becoming 
parents is ovarian tissue cryopreservation. 
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Chapter 7 
Opportunities for Enabling Puberty 


Monica M. Laronda and Teresa K. Woodruff 


Introduction 


Puberty marks the transition from adolescence to adulthood and refers to physical 
and psychological changes as a result of the changes in male or female hormonal 
milieu during this critical point in development. Puberty establishes the 
hypothalamic-pituitary-gonadal axis, with the underlying goal of establishing 
reproductive maturity. Additionally, the transition through puberty solidifies devel- 
opment of hormone-responsive organ systems, such as neuronal, cardiovascular, 
and skeletal tissues. There are several ways in which this transition can be disrupted, 
including from naturally occurring mutations or from secondary effects of disease 
treatments that affect gonadal health or the health of other organs along this axis. 
This chapter will briefly describe the potential causes of delayed or failed puberty 
initiation and delve into the experimental paradigms undergoing investigation as a 
way to initiate puberty, restore fertility, and maintain endocrine support throughout 
a patient's adult life. 


Normal Initiation of Puberty 


Puberty is defined by a set of physiological, physical, and psychological changes 
that occur in the transition from an adolescent to a sexually mature being. These 
changes occur in girls between ages 10 and 14 and in boys between ages 12 and 16 
[NIH.gov]. Puberty is initiated by gonadotropin-releasing hormone (GnRH) 
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neurons within the hypothalamus that triggers follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) release from the pituitary. These hormones act on the 
ovaries in females and testes in males to release estradiol and testosterone, respec- 
tively. The release of hormones from the gonads in response to the hypothalamus 
and pituitary sets up what is called the hypothalamic-pituitary-gonadal axis for con- 
tinued cyclicity throughout a person's reproductively mature life. These sex hor- 
mones trigger several physical characteristics. Breast development is one of the 
earliest visible signs of a girl undergoing puberty. This is followed by hair growth in 
the pubic and armpit regions, and finally menstruation occurs. In boys, the first signs 
of puberty include enlargement of the penis and testicles, hair in the pubic region 
and armpits, followed by muscle growth, deepening of the voice, and facial hair 
growth. 

The female reproductive tact is one of the most dynamic organ systems in the 
body and requires the pubertal transition to establish the cyclical response to pulsa- 
tile hormones. These active organs include the female gonads, ovaries, fallopian 
tubes, uterus, cervix, and vagina. Each of the lower reproductive tract organs 
responds to the main regulator of cyclicity and keeper of female fertility, the ovary, 
and is connected by a centralized luminal space. 

The ovary is comprised of a primary functional unit, called the follicle, which 
houses, protects, and stimulates an oocyte, the female gamete. The follicle units 
exist within the ovary at different stages of differentiation, from the quiescent pri- 
mordial follicle pool to the large antral follicle that has the potential to ovulate a 
mature egg and become fertilized. Follicle processes such as rest, activation, and 
atresia are highly regulated within the ovary, and this regulation is set up by the first 
wave of folliculogenesis. The first wave occurs prepubertally in a more rapid fash- 
ion and includes differentiation through the antral stage in the absence of hormonal 
stimulation [1, 2]. This wave can be visualized in unique transgenic mice with three 
developmentally unique oocyte-specific markers. First follicles to be activated were 
localized to the anterior-dorsal region. However the first follicles to undergo meiotic 
onset are located in the ventral region [3]. The controlled waves of folliculogenesis 
are also regulated by somatic cell support and the time and location from which 
these support cells are derived [2, 4, 5]. 

The two main support cells that surround a centralized oocyte and manufacture 
endocrine products are the granulosa and theca cells. Granulosa cells proliferate 
around the growing follicles as they produce increasing amounts of estradiol through 
aromatization of androgens secreted by the neighboring theca cells. Pulsatile FSH 
primes the granulosa cells of the growing follicles through the FSH receptor to 
develop an antrum, a fluid-filled sac that forms within the growing follicle, and 
respond to the immediate spike in LH. The granulosa cells are the primary source of 
inhibin A and release this peptide hormone to suppress FSH secretion from the 
pituitary [6]. Inhibins play an important role in this regulation as Inhibin A knockout 
mice produce granulosa cell tumors in females and the equivalent support cell 
tumors in males with 100 % penetrance [7]. The theca cells of the dominant follicle 
produce collagenase enzymes to break down the ovarian surface epithelium as the 
cumulus granulosa cells break away from the maturing oocyte and release it through 
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ovulation. Progesterone receptors (PRs) have been localized to theca cells of small 
antral follicles and granulosa cells of preovulatory follicles in ovaries that have been 
exposed to LH in primates [8]. Once the egg is released, the ovary remodels and the 
follicular cells differentiate into a corpus luteum that responds less to FSH- 
stimulated estrogen production and becomes the primary source of progesterone 
production. This process is blocked at the level of the PR in isolated preovulatory 
granulosa cells by the antiprogestin RU486, also known as the “morning after pill” 
[9]. Circulating progesterone signals to the hypothalamus to reduce release of 
GnRH and also signals to the downstream reproductive tract to prepare for accept- 
ing the ovulated egg, potential fertilization, implantation, and embryo 
development. 

The female reproductive tract undergoes dramatic changes through proliferation, 
differentiation, and extracellular matrix (ECM) remodeling. The mostly secretory 
and ciliated epithelial lining of the fallopian tube responds to the estradiol secretion 
from the ovary and facilitates the movement of the ovulated egg toward the uterus 
[10]. The frequency of muscle contractions of the fallopian tube increases to move 
the ovulated egg into the ampulla region where it can be fertilized in response to 
prostaglandin, progesterone, and LH [11]. Additionally, the oviductal-glycoprotein 
1 (OVGP1) mucin is secreted by the fallopian tube in response to estrogen and 
facilitates fertilization if sperm is available during this ovulation window [12]. The 
uterus responds to estrogen produced by the growing ovarian follicles by generating 
a thickened uterine lining. The uterine lining prepares for implantation through 
estrogen-induced progesterone receptor action that induces glandular secretion and 
provides a nutrient-rich environment for implantation of a blastocyst [13-15]. Once 
the embryo embeds into the uterine wall, it releases human chorionic gonadotropin 
(hCG) that stimulates back to the ovary to maintain the progesterone-producing 
corpus luteum [16]. Otherwise, the corpus luteum degenerates and the uterine lining 
sheds through contractile movements; together this process is known as 
menstruation. 

The cervix is the barrier between the uterus and vagina in the female reproduc- 
tive tract. It protects the inner luminal space from pathogens by producing cloudy 
thick mucus during most of the reproductive cycle. Following implantation, the 
cervical glands remodel and produce a mucus plug in response to progesterone and 
to protect the developing embryo. During the proliferative phase of the menstrual 
cycle, estrogen promotes fluid-like alkaline mucus production from the cervix that 
supports the survival and passage of sperm through the vagina and into the internal 
luminal space [17, 18]. 

The male gonad, the testis, is like the female ovary as it houses both the produc- 
tion of sperm and the cells that produce sex hormones. The testis is organized into 
tubules and interstitial space. The tubules are comprised of a basement membrane, 
established by the peritubular myoid cells, that serves as a barrier function to protect 
the spermatogonial stem cells and the developing spermatozoa. Spermatogenesis 
occurs in a wave that begins with dividing spermatogonial stem cells (SSCs) that 
produce spermatogonia every 16 days, and the whole process of spermatogenesis in 
the human takes 72 days [19]. Spermatogonia mitotically amplify and differentiate 


102 M.M. Laronda and T.K. Woodruff 


in a manner highly controlled by positional location within the luminal space of the 
tubules and by the intimate tight junction cell contacts with the supporting Sertoli 
cell. Sertoli cells protect cells by establishing a blood-testis barrier and ensuring that 
only certain cells receive signals, such as the meiosis triggering molecules like reti- 
noic acid [20, 21]. Cells further away from the basement membrane meiotically 
divide to produce 4 haploid cells, defined as round spermatids. Round spermatids 
begin to shed their cytoplasm and condense their nuclear contents, through tubulob- 
ulbar complexes with Sertoli cells, as they produce a single flagellum and develop 
into spermatozoa [22-24]. These cells are not yet mobile and require lots of fluid to 
be flushed from the luminal space and into the convoluted tubules of the epididymis. 
The caput epididymal cuboidal and ciliated epithelial cells resorb the excess fluid 
and concentrate the sperm, as they prepare the sperm for potential capacitation and 
fertilization. For example, epididymal human cysteine-rich secretory proteins 
(hCRISPs) associate with the head of the sperm in the epididymis and aid in the 
binding and penetration through the egg's zona pellucida to facilitate fertilization 
[25, 26]. The caudal epididymis provides an area where the highly concentrated 
sperm can be stored for 2-3 months. During ejaculation, the concentrated sperm is 
pushed, via peristaltic action, through the vas deferens, as it is diluted with fluids 
from the seminal vesicles and prostate. 

During a male's peripubertal period, spermatogenesis occurs in an incomplete 
and accelerated manner. This process is similar to what happens in females and is 
also known as the first wave. It sets up the intracellular contacts and primes the testis 
to be receptive to hormonal cues. The interstitial compartments between the tubules 
contain Leydig cells, which produce testosterone in response to pulsatile LH and 
hCG secreted from the pituitary and peaking each morning. Leydig cells produce 
testosterone, which promote spermatogenesis through the AR receptors expressed 
in a cyclical manner on the Sertoli cells [27]. The Sertoli cells also express FSHR, 
and signaling through these receptors is required for establishing the testis tubules 
prior to puberty in mice [28] and maintains germ cell survival (reviewed in [29]). 


Effects of Sex Hormone on Other Organ Systems 


Male and female sex hormones regulate growth hormone (GH) secretion directly, at 
the hypothalamus and pituitary, and indirectly through modulating downstream tis- 
sue responses to GH, affecting height and body composition throughout a person's 
lifetime, but is exemplified during puberty. Three peptide hormones, GH-releasing 
hormone (GHRH), somatostatin (SS), and ghrelin, control GH secretion, while 
insulin-like growth factor I (IGF-I) provides negative feedback by acting on GHRH 
and SS neurons. Metabolic cues, including insulin, glucose, and adiposity, inhibit 
GH secretion. Pulsatile GH secretion increases 1.5- to 3 fold in both boys and girls 
during puberty [30]. GH secretion is positively regulated by testosterone and estro- 
gen in prepubertal and transitioning boys and girls [31]. The response to testoster- 
one in boys is due to the aromatization into estrogen and is mediated through the 
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estrogen receptor. Adolescent boys with gynecomastia and treated with testosterone 
showed an increase in plasma GH and greater increase in height velocity over the 
group that was treated with non-aromatizing dihydrotestosterone (DHT), which 
showed a decrease in plasma GH [32, 33]. In addition to androgens and estrogens 
affecting GH levels, GH also seems to directly affect steroidogenesis. GH levels are 
higher in adult women, fluctuate during the menstrual cycle, and are strongly cor- 
related with the serum estrogen levels, as GH decreases in postmenopausal women 
[34-36]. 

In addition to sex hormones’ effect on growth through the regulation of GH dur- 
ing puberty, they also act directly on hormone-responsive chondrocytes at the 
epiphyseal plates, the region that contributes to the elongation of long bones. During 
the pubertal growth spurt, chondrocytes differentiate and proliferate; secrete extra- 
cellular matrix proteins (ECM), osteoblasts, and bone cell precursors; invade the 
growth plate; and differentiate (reviewed in [37]). Estrogen, progesterone, and 
androgen receptors (ER, PR, and AR) are all highly expressed in this group of cells 
in both males and females and contribute to the proliferative regulation [38]. 
Testosterone injected directly into this growth plate area increased the length of the 
tibia in rats, in comparison to the non-injected control [39]. A man with a mutation 
in ER alpha (ESR1) did not develop the normal epiphyseal plate closure [40]. There 
is mounting evidence, using rodent and cell culture models, that testosterone action 
works through aromatization into estrogen in the epiphyseal plate chondrocytes and 
is responsible for the proliferative response [41, 42]. This is most apparent in a sister 
and brother with a rare aromatase mutation that both had elevated serum testoster- 
one levels with low levels of estrone and estradiol, with resulting osteoporosis and 
osteopenia [43]. Additionally, estrogen action has been shown to stimulate meta- 
bolic activity in rat metatarsal bones as well as human primary articular chondro- 
cytes and immortalized cell lines from rib cartilage [44, 45]. While long bones are 
sealed at the epiphyseal plate following the pubertal transition, sex hormones con- 
tinue to play a role in chondrocyte health. Increased bone resorption and impaired 
bone remodeling are accelerated during menopause, making women susceptible to 
developing osteoporosis, which is the loss of bone mass and strength [46, 47]. While 
the remaining lifetime risk for women to contract osteoporosis is 45—55 % at age 50, 
men also have a risk of 20—25 96, just as men with reduced testosterone have an 
increased chance of developing osteoporosis [48—51]. In addition, inhibin A 
increases bone mass and strength independent of sex steroids by stimulating osteo- 
blast activity in mice with gonads disconnected or removed [52]. Inhibin from 
gonadal sources also modulates hemoglobin accumulation and erythropoiesis in 
human bone marrow cells [53, 54]. 

Sex hormones that drive the noticeable physical changes during puberty also 
establish other important physiological changes that are less apparent but are impor- 
tant for continued homeostasis throughout adulthood. Males develop a greater vol- 
ume of white matter, the centralized inner portion of the brain that consists of 
myelin-coated axon bundles that facilitate communication between brain regions, 
which continues to outpace females in growth during puberty [55-58]. However, 
certain white matter tracts have been shown to be organized faster in adolescent 
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girls than in boys [58]. Sex hormones in both boys and girls also significantly affect 
medial temporal lobe gray matter volumes, as these are regions with high density 
sex steroid receptors [59]. 

The timing of puberty transition is impressionable on resulting sexual behavior. 
Female mice exposed to stressors, such as shipment via crate or extended social 
isolation, during puberty responded less to estradiol- and progesterone-stimulated 
sexual behavior in comparison to mice that were exposed to stress during adulthood 
[60, 61]. 


Primary Hypogonadism from Natural Causes 


The timing of puberty can be early or delayed for a number of reasons. Hypogonadism 
refers to the reduced or failed ability of the gonads, ovaries, or testes to produce 
sufficient hormones to initiate puberty and/or maintain systemic homeostasis. 
Endocrine disorders, such as hypogonadotropic hypogonadism, can occur as a 
result of decreased or absent release of GnRH and can be caused by injury to the 
pituitary, gene mutations as in Prader-Willis Syndrome, or excessive opioid or ste- 
roid use [62, 63]. Primary hypogonadism occurs as a result of gonadal dysfunction, 
while secondary hypogonadism occurs as a result of hypothalamus or pituitary dys- 
function. Premature ovarian insufficiency (POI) or early menopause occurs in 1.1 96 
of women under 40 years old from all ethnicities with Japanese women having the 
lowest incidence at 0.1 % and African-American and Hispanic women having the 
highest incidence rate at 1.4% [64]. POI is defined by 4—6 months of amenorrhea, 
elevated FSH levels, and low estrogen levels and could be caused by a number of 
factors including genetic and exogenous causes. Gene mutations that can cause POI 
include mutations on the X chromosome like fragile X mental retardation 1 gene 
(FMR1) [65], mutations in oocyte and granulosa communicating ligands like bone 
morphogenic factor 15 (BMP15) mutations [66], or mutations in gonadotropin 
receptors like FSHR and LHR [67, 68] or sex hormone receptors like PR [69]. 
Hypogonadism in males is defined by low testosterone levels. This syndrome can 
develop in many of the same ways that female hypogonadism develops through 
mutations in gonadotropin receptors [70] and sex hormone receptors like AR [71] 
but also through mutations in sex-determining region Y box 3 gene (SOX3) and 
Kallmann syndrome 1 gene (KAL1) [72]. 


Primary Hypogonadism from Gonadotoxic Reagents 


Hypogonadism can also develop through nonnatural means, such as gonadotoxic 
chemotherapy and radiation treatment regimens. Approximately 10,400 children, 
under the age of 15, are diagnosed with cancer in the USA each year. The most com- 
mon types of cancer in children include acute lymphocytic leukemia, central 
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nervous system tumors, neuroblastomas, and non-Hodgkin’s lymphoma. 
Approximately 5% of childhood cancers result from an inherited mutation (NCI 
posted May 13, 2015; cancer.gov). Almost 380,000 adults had survived childhood 
or adolescent (0—19 years old) cancer in the USA in January 2010, when the National 
Cancer Institute took their last Surveillance, Epidemiology, and End Results (SEER) 
program survey [73]. Treatments that prolong the life of children with cancer often 
have off-target effects. This includes disruption of the endocrine cells within the 
ovary and testes that provide the spike of hormone release to initiate puberty and 
maintain systemic homeostasis of cardiovascular, neurological, and bone health 
throughout adult life. Males and females treated for lymphomas or bone marrow 
transplants for various malignancies with alkylating agents, such as mustine, pro- 
carbazine, or busulfan, have a high risk of azoospermia or early menopause [74, 75] 
(reviewed in [76, 77]). Additional diseases that require harsh treatments, such as 
lupus nephritis, also may result in secondary hypogonadism with reduced fertility 
and decreased endocrine support [78]. 


Current Practices for Restoring Endocrine Function 


Puberty is triggered by the increasing pulsatile release of GnRH from the hypo- 
thalamus, which triggers the secretion of FSH and LH. In response, estrogens and 
androgens will be secreted from the ovaries and testes along with inhibins that sup- 
press further FSH release (see above for more details). Levels of FSH during early 
follicular phase are used as an indicator of growing follicles. Anti-Mullerian hor- 
mone (AMH), also expressed by granulosa cells, has been indicated as a potential 
indicator of follicle reserve [79]. However, there is also caution taken with these 
assessments as women using hormonal contraceptive pills have reduced AMH that 
is restored once the women ceased use of the pills [79, 80]. Additionally, a life-span 
study of AMH in males has determined that it may represent a good marker of 
Sertoli cell function in response to intratestosterone levels [81]. Alternatively, levels 
of inhibin A and B, produced by granulosa cells of growing and small follicles, 
respectively, were used to detect potential ovarian reserve in adolescent girls and 
young women with Turner's syndrome that did not have signs of spontaneous 
puberty [82]. However, whether or not this is an accurate test for ovarian reserve 
would be difficult to determine as it would require removal of the ovarian tissue. 
While it is difficult to determine late onset of puberty or inability to undergo natural 
puberty through testing of gonadotropins or other ovarian peptides, additional infor- 
mation of familial statistics and skeletal age can help to determine the potential of 
natural initiation of puberty. 

If the need for endocrine replacement therapies is established to help with puber- 
tal transition, adolescent girls and boys have a limited number of options. GH 
replacement therapy at 55 g/kg per day is considered standard for girls with 
Turner's syndrome and linear growth failure. These treatments may start as early as 
9 months old as the average age to begin GH treatments is 9-10 years [83]. As a 
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result of estrogens' role in accelerated bone maturation, Turner's syndrome girls 
taking GH postpone estrogen replacement therapy until they are 15-16 years old 
[83]. However in boys with known hypogonadotropic hypogonadism, pulsatile GH 
levels increased and further responded to endogenous GH-releasing hormone fol- 
lowing testosterone treatments in three incremental doses over 4 weeks to mimic the 
onset of puberty [84]. Most girls with Turner's syndrome require hormone replace- 
ment therapy for the development of secondary sex characteristics, like breast 
development, uterine growth, and bone health, in addition to treating short stature. 
These studies provide a good indication of how adolescent girls with treatment- 
induced hypogonadism may respond to hormone replacement therapies. Generally 
estradiol replacement begins as a low-dose monotherapy, and progesterone therapy 
is added 1—2 years later or upon the girl's first menses [85]. Transdermal estrogens 
are often preferred in this population as the oral estrogens increase the amount of 
circulating estrones because of the first-pass metabolism of the oral administration 
through the liver. Additionally, the transdermal administration of estradiol resulted 
in a more physiological breakdown of estradiol, estrone, and bioestrogen concentra- 
tions, along with a greater suppression of LH and FSH [86]. The most appropriate 
progesterone regimens are more difficult to deduce. A study with early POF patients 
that displayed estrogen-primed endometrium showed a more effective “inphase” 
induction of secretory endometrium with progesterone administered vaginally than 
orally [87]. 

While there are many advantages to replacing the endocrine support that fails to 
initiate puberty or maintain homeostasis in adult tissues, there can be adverse effects 
to these replacement therapies. For example, oral administration of estradiol impairs 
the metabolic action of GH that is not seen with transdermal injections in postmeno- 
pausal women [88]. Additionally, a study with postmenopausal women identified 
that IGF-1 decreases and C-reactive protein, the strongest predictor of myocardial 
infarction and cardiovascular mortality in healthy women, increases with oral estro- 
gen replacement therapies, but not transdermal therapies [89]. However, large doses 
of oral estradiol administration, and not transdermal estradiol, promote endothelium- 
dependent vasodilation and antiatherogenic changes to promote vascular health in 
healthy postmenopausal women [90]. 

Additionally, the amount of sex hormones administered as a therapy could affect 
the response. There are an increasing number of reproductive age men in the USA 
taking testosterone replacement drugs, around 75.7 per 10,000 per year in 2011 
[91]. Exogenous testosterone has the potential to suppress the hypothalamic- 
pituitary-gonadal axis and reduce FSH and LH causing a reduction in intratesticular 
testosterone and reduced spermatogenesis in patients. In fact, increasing exogenous 
testosterone levels in normal patients is being tested as a male contraceptive [92]. 

Summary: While hormone replacement therapies function to adequately initiate 
the adolescent to adulthood physical and psychological changes that occur at 
puberty and alleviate many of the morbidities of premature hormone loss, they fail 
to account for the peptide hormones, gonadal inhibins and activins, and other endo- 
crines that the gonads secrete, respond to, or regulate to maintain whole body 
homeostasis. Additionally, those patients treated for decades with these therapies 
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needed regular assessments to determine the physiological response to these treat- 
ments and to avoid additional side effects as a result of treatment metabolites. 


Current Practices of Fertility Preservation and Restoration 
in Females 


The American Society for Reproductive Medicine published guidelines for physi- 
cians treating cancer patients to discuss fertility preservation options. Egg banking, 
embryo banking, and sperm banking are the only nonexperimental options for 
women and men who want to preserve their fertility [93]. If treatment can be delayed 
and the woman has undergone puberty, then eggs can be retrieved for egg or embryo 
banking. This procedure requires approximately 1 month of gonadotropin injections 
to stimulate selected follicles to grow larger and mature. Oocytes or eggs are retrieved 
through vaginal aspiration. The resulting healthy and matured eggs can be cryopre- 
served or fertilized through in vitro fertilization (IVF) with donor's or partner's 
sperm. When the patient desires a pregnancy, a woman will undergo another round 
of gonadotropin injections to prime the uterine lining for receipt of the embryos, and 
the cryopreserved embryos can be retrieved and administered to the receptive womb. 
These procedures can only be performed in postpubertal women who do not have 
gonadotropin-responsive tumors, are willing to postpone potentially lifesaving treat- 
ments, and can produce mature eggs. However, cryopreservation of oocytes or ovar- 
ian tissue for girls and testicular tissue for boys was mentioned by the ASRM as an 
option that could be offered to patients at an equipped research institution [93]. 


Experimental Practices for Fertility and Endocrine 
Restoration in Females 


The field of oncofertility aims to explore and expand the options for restoring and 
preserving fertility in males and females detrimentally affected by gonadotoxic 
treatments [94]. The National Physicians Cooperative, within the Oncofertility 
Consortium, strives to expand fertility preservation and the options for restoring 
reproductive and endocrine health. Recently, research from this cooperative was 
performed on ovarian cortical tissue that can be easily removed through laparos- 
copy prior to chemotherapy or radiation treatment to retrieve primordial follicles, 
the quiescent follicle reserve. They found that ovarian tissue from each patient 
observed (up to 18 years old) contained primordial follicles, irrespective of previous 
treatment, transported or fresh or disease profile [95]. Additionally, alginate encap- 
sulation and culture of these primordial follicle-containing cortical tissues resulted 
in growing preantral and antral follicles [96]. These studies support the argument to 
cryopreserve ovarian tissue for fertility restoration in patient cohorts where egg 
banking is not an option. 
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An experimental technique currently being explored as an option to restore endo- 
crine function and fertility in girls with gonadotoxic diseases or treatments also 
involves the isolation and utilization of ovarian cortical strips. For this technique, 
four to five cortical strips (1 cmx0.5 mmx 1.5 mm) from an adult, or one ovary 
from a child, are laparoscopically isolated prior to gonadotoxic therapies and cryo- 
preserved. The strips are then thawed following cancer remission and fixed onto the 
remaining portion of the ovary or inserted underneath the cortical capsule [97, 98]. 
A pocket can be created within the peritoneal space for cortical strips if the ovaries 
are absent or have been removed [99, 100]. Alternatively, cortical strips have been 
inserted under the skin of the forearm to restore some endocrine function and to 
stimulate mature eggs for IVF [101, 102]. There have been 60 reported live births 
from these ovarian cortical tissue transplants (summarized [103]). There are varying 
degrees of success with these transplants. For example, one patient has had two suc- 
cessful deliveries with one transplant, and the graft is still functioning (suppresses 
FSH) after 5 years, while another patient has undergone two cortical strip surgeries 
and successfully delivered one baby with an egg donation [103]. The second sce- 
nario demonstrates ovarian tissue burnout and brings to light one limiting factor of 
utilizing this technique [104]. The varying success could be attributed to the type or 
degree of gonadotoxic treatment endured, the amount of ovary that remains prior to 
transplant, and the number of follicles transplanted within the cortical strips to 
restore function and fertility. Because these tissue strips are generally isolated prior 
to gonadotoxic and cancer-killing treatments, there should be extreme caution prior 
to transplanting these potentially cancer-containing tissues back into women who 
have just beat their cancer. Cancer cells have been identified in many of the ovarian 
cortical tissues, especially in blood-based cancers like acute lymphoblastic leuke- 
mia [105]. A cancer marker was detected within the ovarian tissue isolated from a 
patient with advanced-stage breast cancer by PCR analysis [106]. A review of this 
literature and assessment of risk was published by Bastings et al. [107]. 

The success of these cortical strip transplants provides some hope in the underly- 
ing technique, that a strip of tissue with follicles could promote ovarian function, 
including endocrine restoration and fertility. However, considering the pitfalls of the 
technique including tissue *burnout" and especially the real risk of cancer transmis- 
sion, alternative approaches need to be studied. To minimize this risk, experimenta- 
tion with small animal models is ongoing. One example of endocrine restoration to 
initiate puberty in a mouse model utilized the decellularized matrix of an ovary and 
isolated ovarian cells [105]. This technique describes use of the biologically active, 
ovary-specific ECM in which to seed safely isolated cells and follicles. Another 
example is the use of a bioengineered artificial ovary consisting of mouse ovarian 
follicles seeded within a 3D printed scaffold modeled from the ovarian extracellular 
matrix composition and architecture to create a 3D printed follicle niche (3DP-FN), 
for follicles to reside and grow (unpublished data). Both of these experimental para- 
digms rely on development of the follicle niche to provide the appropriate bio- 
chemical and biophysical cues to result in viable and functioning follicle units. 
Potential cell sources include follicles, containing both endocrine support and 
potential gametes that could be fertilized, from the patient herself. However, this 
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Fig. 7.1 Experimental and existing technologies useful to the restoration of fertility in males and 
females. 


source, as described above, is limiting. Induced pluripotent stem cells derived from 
the patient could provide a source of endocrine cells, or even oocytes in the future, 
as human ESCs have been differentiated into both populations [108, 109]. These 
techniques would provide a theoretically unlimited source of patient-specific cells 
and could result in the complete restoration of the ovary (Fig. 7.1). 


Current Practices of Fertility Preservation in Males 


Adult male cancer patients, who wish to preserve their fertility, have options to 
cryopreserve sperm through semen samples to be used for future-assisted reproduc- 
tive techniques, including intrauterine insemination (IUD, in vitro fertilization 
(IVF), and intracytoplasmic sperm injection (ICSI). Additionally, percutaneous epi- 
didymal sperm aspiration (PESA), testicular sperm extraction (TESE), testicular 
sperm aspiration (TESA), and microsurgical epididymal sperm aspiration (MESA) 
can be used to collect sperm or haploid gametes in patients with azoospermia or 
oligospermia. IVF and ICSI could then be performed with as little as a single hap- 
loid gamete. Assisted reproductive technologies (ART) have been widely used in 
the USA since 1981, in over 440 fertility clinics nationwide [110]. Unfortunately, 
prepubertal boys are unable to provide sperm samples, as they have not undergone 
the hormonal changes necessary to undergo complete spermatogenesis. There are 
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currently no regular procedures for preserving gametes from prepubertal boys. An 
experimental procedure where testicular tissue is cryopreserved is recommended as 
a potential fertility-saving option by the American Society for Reproductive 
Medicine for prepubertal patients undergoing gonadotoxic cancer treatments [93]. 
These techniques are performed throughout the world in the hopes of one day utiliz- 
ing advanced technologies to grow or transplant spermatogonial stem cells (SSCs) 
for future use in ART technologies or to restore fertility in cancer survivors in the 
future [111—116]. 


Experimental Procedures for Fertility Preservation 
and Endocrine Restoration in Males 


Patients undergoing potentially sterilizing techniques are willing to participate in 
studies that may promote the availability of their tissue for later use [112], and 
retrieval of tissue biopsies as part of a treatment regimen for prepubertal or peripu- 
bertal boys has been shown to be safe and effective [111, 112]. Cryopreservation 
was accepted by 93.5 96 of patients asked, and all cryopreserved patient tissue con- 
tained visible spermatogonia [111]. Experimental procedures to obtain mature 
sperm can occur as a transplantation of SSCs into depleted tubules or transplanta- 
tion of testicular tissue. SSCs are stem cells that produce sperm continuously 
throughout the adult male's life and exist as mitotically active cells within even 
prepubertal boys. SSCs are susceptible to chemotherapy and radiation therapy, 
especially in prepubertal boys where they are more mitotically active as they popu- 
late the tubules in preparation for the initiation of spermatogenesis at puberty, 
called spermarche. First attempts to grow and differentiate human SSCs in small 
animal hosts demonstrated some survival and potential proliferation. SSCs were 
isolated from human tissue biopsies from adult patients with a variety of diagnosed 
azoospermia or oligospermia causes. They were then transplanted into the seminif- 
erous tubules of immunocompromised mouse testes, who had undergone germ cell 
ablation. Human germ cells were most abundant 1 month after transplantation and 
almost absent by 6 months post transplant [117]. Analysis of xenotransplant of 
SSCs into mouse recipients may indicate that the somatic cell compartment or 
stem cell niche may be the limiting factor for activation of meiosis and spermato- 
cyte differentiation. Testis biopsies that maintain the SSC and somatic cell niche 
from neonatal mice, pigs, goats, and rhesus monkeys were grafted into immuno- 
compromised mice [118]. These grafts produced complete spermatogenesis with 
viable sperm that were then used for ICSI into rhesus monkey eggs, for example 
[118, 119]. 

As in the experimental ovarian tissue transplant techniques performed for 
women, there are legitimate concerns about the safety of transferring cells retrieved 
prior to cancer treatment, especially for leukemia patients [120]. Therefore, sorting 
methods for enriching the SSC population, while eliminating the cancer cells, needs 
to be standardized and transplants need to be handled with caution. Additional 
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methods for growing SSCs in vitro and utilizing ART techniques that utilize haploid 
male gametes in vitro could surpass the concern for transferring cancer into recipi- 
ents. Testis biopsies isolated prior to gonadotoxic therapies could preserve the 
chance of restoring fertility later in life through SSC transplant or through in vitro 
or in situ differentiation of SSCs into haploid gametes. The xenotransplant suc- 
cesses described above maintain that mitotically active SSC supported within the 
appropriate niche could provide a source of donor-specific haploid cells that could 
be used in ART to produce offspring. Transplantation of these niches into the patient 
could additionally provide the necessary endocrine restoration as well. 


Summary 


Puberty is an important physiological, psychological, and physical transition from 
adolescence to adulthood. It lays the groundwork for adult reproductive capacity 
and further differentiation of organ systems that respond to the increased hormonal 
milieu, including neurons, chondrocytes, and cells within the reproductive tract. In 
the absence of puberty, individuals would not establish normal neuronal growth and 
connectivity, normal height, or reproductive maturity. The current options for fertil- 
ity and hormone restoration for prepubertal cancer survivors are inadequate. Some 
experimental paradigms utilizing tissue extraction that would house the follicle 
reserve in females and the SSCs in males are promising. Isolated follicles and hap- 
loid spermatogonia could provide a potential gamete and, therefore, the option for 
biological offspring following ART procedures. However, this does not address the 
need to restore natural hormone cyclicity. Some promising results from ovarian 
cortical tissue transplants ensure that a surgical procedure with ovarian cells could 
restore limited hormone cyclicity and fertility. However, these tissues could also 
reinoculate the patient with cancer cells, as they are taken and preserved prior to 
treatment. A collaborative effort between reproductive biologists, endocrinologists, 
regenerative medicine scientists, clinicians, and engineers is necessary to develop a 
transplant that could provide long-term endocrine function and fertility in patients 
with hypogonadism or premature gonadal failure. 
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Chapter 8 
Male Fertility Preservation: Current Options 
and Advances in Research 


Kathrin Gassei, Peter H. Shaw, Glenn M. Cannon, Lillian R. Meacham, 
and Kyle E. Orwig 


Introduction 


Improvements in cancer therapies have resulted in improved 5-year survival rates 
[1] and an increasing focus on the quality of life after cure. Cancer survivors report 
that parenthood is important to them and distress over infertility has long-term psy- 
chological and relationship implications [2]. Therefore, the American Society for 
Clinical Oncology [3, 4] and the American Society for Reproductive Medicine [5, 6] 
recommend that patients be educated about the reproductive risks associated with 
their therapy as well as options for preserving fertility. 
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Whole body radiation; radiation to the hypothalamus, pituitary or gonads; and 
alkylating chemotherapies are particularly toxic to male fertility [7-10]. This is an 
important public health concern because nearly 25,000 males under the age of 44 
will be diagnosed with cancer each year in the USA. Epidemiological data [10-12] 
indicate that most of these patients will survive their cancer, but many will receive 
treatments that put them at high risk for infertility. The Childhood Cancer Survivor 
Study (CCSS) has shown that male survivors of childhood cancer are half as likely 
to achieve a pregnancy with their partner compared to their male siblings [10]. 
When rates of infertility were studied in the CCSS, 46 % of survivors compared to 
18 % of siblings reported experiencing infertility [13]. 

Patients and families with children facing a cancer diagnosis and planning for 
treatment may be ill prepared to discuss, think about, or take action to preserve their 
future fertility before initiating treatment. Unfortunately, while healthcare profes- 
sionals in general acknowledge the need to discuss fertility preservation with their 
patients, fertility counseling is not consistently implemented [14, 15]. Consequently, 
many families are poorly informed of the risk of infertility [14] and the options they 
have to preserve their child’s fertility [16]. Insufficient training for medical staff to 
counsel patients on this sensitive topic has been identified as an important factor, 
along with patient factors such as degree of disease, age, and cultural/religious con- 
cerns [17]. Both parents and adolescent cancer patients identify fertility as an 
important life goal after cancer [18]. 

Spermatogonial stem cells (SSCs) are at the foundation of spermatogenesis and 
maintain continuous sperm production throughout the postpubertal life of men [19— 
22]. Spermatogenesis is an extraordinarily productive process that generates more 
than 100 million sperm each day from the testes of adult men [23]. Because spermato- 
genesis is such a productive system, it can sometimes become an unintended target of 
cancer therapies that are toxic to rapidly dividing cells. Therapies that deplete the stem 
cell pool and/or damage the somatic niche can cause temporary or permanent infertil- 
ity. Infertility in cancer survivors is due to impaired spermatogenesis, which can be 
characterized as oligospermia («15 million sperm/ml of semen) or azoospermia (no 
sperm in the semen). High-dose alkylating agents (e.g., cyclophosphamide, busulfan, 
melphalan, chlorambucil), bleomycin, testicular radiation 2400 cGy, or genitourinary 
surgery are associated with the highest risk of developing azoospermia [7—9, 13, 24, 
25]. In contrast to spermatogenesis, the steroidogenic function of the testes appears to 
be less affected by cancer therapy, and the testosterone-producing Leydig cells appear 
to be fairly resistant to damage by cancer treatments [26]. 


Sperm Banking: The Gold Standard Procedure 
for Male Fertility Preservation 


Postpubertal boys and adult men have the option to cryopreserve a semen sample con- 
taining sperm before initiating treatment, which can be thawed at a later date to achieve 
pregnancy by intrauterine insemination [27], in vitro fertilization (IVF [28]), or IVF 
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with intracytoplasmic sperm injection (ICSI [29]). Unfortunately, only about 24 96 of 
adult men freeze a semen sample before initiating their therapy [30]. Some males as 
young as 12 or 13 years of age are capable of producing a semen sample. Semen is 
produced via masturbation, but other methods such as vibratory stimulation [31] or 
electroejaculation [32, 33] have been used. Ideally patients should provide two speci- 
mens obtained 2-3 days apart. Standard semen analysis would be performed by the 
andrology laboratory and results will be available within 1 day to confirm whether the 
semen specimens contained sperm. 


Testicular Sperm Extraction (TESE) 


For patients who did not preserve a semen sample and have persistent azoospermia 
after cancer therapy, there is the option to retrieve rare sperm directly from the testis 
during a surgical procedure called testicular sperm extraction (TESE). This is pos- 
sible because a few SSCs may survive the gonadotoxic therapy and produce focal 
areas of spermatogenesis in the seminiferous tubules. Hsiao and colleagues recently 
described their experience with 73 patients with post-chemotherapy azoospermia 
[34]. They reported that sperm were successfully retrieved from 37 % of patients on 
initial attempt with an overall success rate of 42.9%. Fertilization rate with the 
retrieved sperm was 57 96; the pregnancy rate was 50 96 and the live birth rate was 
42 96. Success retrieving sperm was treatment dependent in that study with the low- 
est sperm recovery success rates (21 %) in patients receiving alkylating chemother- 
apy [34]. Picton and colleagues surveyed results from a total of five centers 
(including the Hsiao et al. study) and reported an overall sperm recovery rate of 
44 96 in azoospermic patients undergoing TESE after chemotherapy [35]. 


TESE for Men and Adolescent Boys with Klinefelter 
Syndrome 


TESE is also used effectively for Klinefelter syndrome (KS) patients who typically 
have a 46, XXY karyotype and azoospermia, often characterized as a Sertoli cell-only 
phenotype. However, germ cells are sometimes present in the testes of KS patients, 
which produce focal areas of spermatogenesis in the testes. Success rates retrieving 
sperm by TESE from the testes of KS patients are consistently above 50 % (50—72 96) 
[36—41] and are similar to the success rates reported for TESE in azoospermic patients 
without Klinefelter syndrome. Most importantly, pregnancy rates and live birth rates 
after ICSI are similar in couples with or without KS, and children fathered by KS 
patients have a normal karyotype [36, 38, 39]. The infertility phenotype of KS patients 
is considered progressive, with rapid declines in spermatogenesis during the teenage 
years [42-44]. Previous studies in adult KS patients reported that sperm recovery rates 
were significantly lower after the age of 35 [39-41]. Therefore, early intervention may 
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be important to preserve the fertility of Klinefelter patients. In fact, some centers have 
protocols to retrieve sperm by TESE from adolescent boys with KS based on the 
understanding that the likelihood of retrieving sperm in later years will be reduced 
[42, 45]. Other groups, however, did not find that performing TESE at a younger age 
increased the chances of successful sperm retrieval [43, 46], and there is considerable 
debate about the benefit of early fertility intervention for KS patients [45, 47]. 

Typically, pubertal development is determined by Tanner Staging of pubic hair and 
genitalia development, testicular size, and hormone levels. In normal boys, the median 
age of spermatogenesis onset is 13-14 years, correlating to a Tanner Stage II or III. In 
KS patients that present with developmental delays and altered developmental patterns, 
these parameters may not be useful to determine if spermatogenesis is present. It is 
currently unknown when spermatogenesis starts in boys with KS. While it seems to be 
commonly accepted that there is a progressive depletion of germ cells in the testes of 
KS patients after the onset of puberty, the data to support this notion are equivocal with 
small patient populations, lack of controls, and no longitudinal data. In addition, the 
standard therapy for boys with KS is testosterone replacement therapy in order to trig- 
ger entry and progression of puberty, secondary sexual characteristics, bone develop- 
ment, and longitudinal growth. However, testosterone supplementation also suppresses 
spermatogenesis (if present) even further through negative feedback on the hypothala- 
mus-pituitary-gonadal axis. Some argue that any intervention to preserve fertility for 
KS patients should ideally precede hormone replacement therapy [48], although in one 
study it was proposed that topical testosterone therapy might not negatively affect sper- 
matogenesis in adolescent KS patients [42]. The risks of invasive surgical procedures 
like TESE for boys have to be carefully weighed against the possible benefits for this 
unique patient population. Systematic, longitudinal studies are needed to characterize 
spermatogenic decline in KS patients. 

There are currently no standard options to treat the infertility of adult patients 
who did not cryopreserve a semen sample and were not successful with the TESE/ 
ICSI procedure. Adoption and third-party reproduction are family building options 
for these patients, but most cancer survivors prefer to have their own biological 
children [3]. Therefore, sperm banking should also be discussed with all pubertal, 
adolescent, and adult males who are able to produce a semen sample. 


Gonadal Shielding 


Gonadal shielding can be used to protect the testes from scatter radiation using lead 
shielding. The proper shielding technique should be carefully evaluated on a case by 
case basis depending on total radiation dose, fractionation, and the specific mode of 
delivery of the external beam therapy [49—51]. However, when the testicular tissue 
requires radiation therapy as a part of cancer treatment, shielding cannot be used. At 
other times, the proximity of the testes to the target of radiation results in scatter 
radiation to the testes which can also result in impaired spermatogenesis. 
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Testicular Tissue Banking: An Experimental Procedure 
for Fertility Preservation 


There are currently no standard of care options to preserve the future fertility of 
prepubertal boys who are not yet producing sperm. This is an important human 
health concern because, with improved therapies, the event-free survival rate of 
children with cancer is 85 % [12, and these survivors can look forward to a full and 
productive life after cure. We estimate that each year in the USA more than 2000 
boys will receive gonadotoxic treatments for cancer or other conditions (e.g., mye- 
loablative conditioning prior to bone marrow transplantation) that put them at high 
risk for infertility [52]. Prepubertal boys are not producing sperm, but they do have 
spermatogonial stem cells (SSCs) in their testes that are poised to initiate sperm 
production at the time of puberty [53]. There are several methods in the research 
pipeline, including SSC transplantation, testicular tissue grafting or xenografting, 
testicular tissue organ culture, and de novo testicular morphogenesis, that might be 
used to restore spermatogenesis or fertility from cryopreserved SSCs and/or tes- 
ticular tissue. Induced pluripotent stem cell (1PSC) technologies may also be a 
fertility option for cancer survivors in the future. These methods are reviewed in 
this chapter. 

Anticipating that new therapies will be available in the future; many centers in 
the USA and abroad have determined that it is reasonable to preserve testicular tis- 
sue for young patients who are at high risk for infertility and have no other options 
to preserve their fertility [35, 54—60]. Testicular tissue-based fertility preservation 
methods for children are considered experimental and should be performed with 
Institutional Review Board (IRB) oversight and approval. Although no pregnancies 
from cryopreserved testicular tissues have been reported in humans to date, two 
centers reported that the majority of parents consented to fertility preservation pro- 
cedures on behalf of their children [55, 61, 62]. 


Considerations for Testicular Tissue Collection, Processing, 
and Freezing 


Testicular tissue for cryopreservation is obtained via needle biopsy, wedge 
biopsy, or orchiectomy, ideally before the initiation of gonadotoxic treatment 
(surgery, chemotherapy, radiation). There is insufficient experience or evidence 
to recommend a particular surgical approach or orchiectomy, and each center 
will make those decisions based on individual and/or institutional biases about 
what is in the best interest of the patient in the short term and long term. Needle 
biopsy may be the least invasive but has an increased risk of unmitigated bleed- 
ing and recovers the least amount of tissue for downstream fertility applications. 
Wedge resection is more invasive than needle biopsy but may allow recovery of 
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more testicular tissue (depending on surgeon preference), and bleeding can be 
controlled during surgery. Orchiectomy (removal of an entire testis) is the most 
invasive but allows for the greatest recovery of testicular tissue for downstream 
fertility applications, and bleeding can be controlled during surgery. Collection 
of more tissue at the time of surgery should correlate with increased recovery of 
SSCs and greater flexibility for future fertility applications. However, limited 
tissue should not be a deterrent to enrollment in a testicular tissue cryopreserva- 
tion protocol. There are several experimental cell-based and tissue-based options 
under development with different requirements for the amount of cells/tissue that 
will be needed. 

There are no established “best practices" for processing and freezing testicular 
tissue or cells. Two labs examined the post-thaw recovery of spermatogonia from 
cryopreserved human testis cell suspensions versus intact pieces of testicular tis- 
sue. Yango and colleagues reported that the recovery of SSEA4* spermatogonia 
from cryopreserved fetal testicular tissue was similar to cryopreserved testicular 
cells, but recovery of SSEA4* cells from cryopreserved adult testicular cells was 
greater than cryopreserved testicular tissue [63]. Pacchiarotti and coworkers 
reported that cryopreservation of testicular tissue was comparable in most aspects 
to cryopreservation of a cell suspension. However, while the viability of total cells 
from the cryopreserved tissue was higher than the cryopreserved cell suspension, 
the recovery of SSEA4* and VASA* germ cells from cryopreserved tissue pieces 
tended to be greater than cryopreserved cell suspensions. These differences were 
not significant [64]. 

For fertility preservation, most centers are freezing intact pieces of testicular 
tissue for patients because this preserves the option for both tissue-based and 
cell-based therapies in the future [35, 55, 56, 59, 60, 65]. Biopsied testicular tis- 
sues are typically cut into small pieces (1-9 mm?), suspended in a DMSO-based 
freezing medium, and frozen at a controlled slow rate using a programmable 
freezing machine (Fig. 8.1) [35, 54—56, 59, 65-67]. Some centers have reported 
using an ethylene glycol-based freezing medium instead of DMSO [68—70], and 
some centers have reported that viability of vitrified testicular tissue is similar to 
tissue frozen at a controlled slow rate [71—74]. This may improve access to tes- 
ticular tissue-freezing technology in centers that do not have programmable 
freezing machines. The experimental endpoints that have been used to evaluate 
freezing protocols have been varied and include cell viability; immunocytochem- 
istry for spermatogonial markers; ultrastructural, histological, and/or immuno- 
histochemical examination of cultured or grafted tissue; and hormone production 
(reviewed in Table 8.1). Systematic studies on prepubertal human testicular tis- 
sues with evaluation of both cell-based and tissue-based endpoints are needed. It 
is possible that the optimal freezing condition depends on the intended use of the 
tissue or cells. 
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Tissue received in sterile 
specimen container Sterile tools 


Sterile environment 
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Fig.8.1 Testicular tissue cryopreservation. Testicular tissues are transported on ice from the oper- 
ating room to the andrology lab in a sterile specimen container containing medium. (a) Tissue is 
kept cool and processed in a sterile environment with sterile tools. (b) Most centers cut the testicu- 
lar tissue into small pieces (2-9 mm?) and deposit in cryovials with DMSO-based freezing medium. 
(c) Controlled slow rate using a freezing machine 
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Testicular Cell-Based Methods to Preserve and Restore Male 
Fertility 


Spermatogonial Stem Cell Transplantation 


Spermatogonial stem cell transplantation was first described by Ralph Brinster and 
colleagues in 1994, who demonstrated that SSCs could be isolated and transplanted 
to regenerate spermatogenesis in infertile recipient mice [75, 76]. SSC transplanta- 
tion has now been reported in mice, rats, pigs, goats, bulls, sheep, dogs, and mon- 
keys, and donor-derived progeny has been produced by natural breeding in mice, 
rats, goats, and sheep [77—88]. SSCs from donors of all ages, newborn to adult, are 
competent to regenerate spermatogenesis [78, 89], and SSCs can be cryopreserved 
and retain spermatogenic function upon thawing and transplantation [85, 90, 91]. 
Thus, it appears feasible that a testicular tissue biopsy (containing SSCs) could be 
obtained from a prepubertal boy prior to gonadotoxic therapy, frozen, thawed at a 
later date, and transplanted back into his testes to regenerate spermatogenesis. If 
spermatogenesis from transplanted cells is robust, this approach may restore natural 
fertility, allowing survivors to achieve pregnancy with their partner by natural inter- 
course and have biological children. 

Radford and colleagues already reported cryopreserving testicular cells for 11 adult 
non-Hodgkin's lymphoma patients in 1999 and subsequently reported transplanting 
autologous frozen and thawed testis cells back into the testes of seven survivors [92, 
93]. The fertility outcomes for patients in that study have not been reported, and even 
if the men fathered children, it would not be possible to ascertain whether the sperm 
arose from transplanted stem cells or surviving endogenous stem cells. This uncer- 
tainty will always plague the interpretation of human SSC transplant studies where it is 
not ethically possible to genetically mark the transplanted cells because the genetic 
modification would be transmitted to progeny. Therefore, large epidemiological datas- 
ets generated over decades will be required to prove the fertility benefit of SSC trans- 
plantation. Nonetheless, this study demonstrates that patients are willing to pursue 
experimental stem cell-based options even when there is no guarantee of a fertile out- 
come. There are no published reports of SSC transplantation in humans since Radford's 
follow-up report of his non-Hodgkin's lymphoma patients in 2003 [93]. 


Translating Spermatogonial Stem Cell Transplantation 
into the Clinic: Challenges and Opportunities 


Considering the progress in several animal models and the fact that testicular tissues 
have already been cryopreserved for hundreds of human patients worldwide [54— 
60, 92, 93], it seem reasonable to expect that SSC transplantation and/or other stem 
cell technologies will impact the fertility clinic in the next decade. However, there 
are several safety and feasibility issues that must be considered. 
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Spermatogonial Stem Cell Culture 


Based on our experiences at the Fertility Preservation Program in Pittsburgh [54] 
and published reports [56, 59], it is reasonable to expect that 50-500 mg of tes- 
ticular tissue can be obtained by wedge biopsy or needle biopsy from a single 
testis of a prepubertal boy. This is a small amount of tissue relative to size of adult 
human testes that can range from 11 to 26 g in size [94]. It is widely believed that 
the number of stem cells in biopsies from prepubertal boys will be small and that 
SSCs will have to be expanded in culture prior to transplant. Conditions for main- 
taining and expanding rodent SSCs in culture are well established and SSCs main- 
tained in long-term culture remain competent to regenerate spermatogenesis and 
restore fertility [95—100]. 

If cultured human SSCs function similar to cultured rodent SSCs, it should be 
feasible to expand a few stem cells obtained from the testis biopsy of a prepubertal 
boy to a number sufficient to produce robust spermatogenesis upon transplantation 
back into his testes when he is an adult. Several studies have reported culturing human 
SSCs [57, 58, 101-109], including two studies in which cultures were established 
from the testes of prepubertal patients [58, 101]. Human SSC cultures have been 
evaluated by quantitative PCR or immunocytochemistry for spermatogonial markers 
or xenotransplantation into mouse testes. Strategies to isolate and culture human sper- 
matogonia have been unique to each study, and to date no approach has been indepen- 
dently replicated in another laboratory. Also, the field is frustrated by the lack of a 
functional assay to test the full spermatogenic potential of cultured human cells. 


Malignant Contamination 


A testicular biopsy obtained from a cancer patient could harbor malignant cells, 
especially for patients with leukemia. Kim and colleagues [110] reported that 20 % 
of boys with acute lymphocytic anemia had malignant cells in their testicular tissue 
prior to the initiation of oncologic treatment. Jahnukainen and colleagues [111] 
reported the transmission of leukemia after transplantation of testis cells from ter- 
minally ill leukemic rats into the testes of non-leukemic recipients. The same group 
further demonstrated that transplantation of as few as 20 leukemic cells was suffi- 
cient for disease transmission, leading to terminal leukemia within 3 weeks. 

Because infertility is not life threatening and fertility treatments are elective, 
it is essential that risk of cancer recurrence after transplant be reduced to zero. 
Fluorescence-activated cell sorting (FACS) and magnetic-activated cell sorting 
(MACS) strategies to isolate and enrich therapeutic spermatogonia while remov- 
ing malignant contamination have been explored with mixed results. To date, 
transplantable human spermatogonia have been recovered in the Ep-CAM”, 
THY-1'**, CDA9f*, SSEA4*, GPR125*, and CD9* fractions of human testis cells 
[94, 102, 105, 112-114]. 
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Fujita and coworkers isolated germ cells from the testes of leukemic mice in 
the forward scatter high and side scatter low fraction (positive selection), which 
was then further divided into fractions that were CD45/MHC class I antigens 
(H-2K*/H-2D^) double positive and CD45/MHC class I double negative cells. 
All recipient males injected with the CD45*/MHC class I* cells developed ter- 
minal leukemia within 40 days. All mice injected with CD45/MHC class T 
cells survived for 300 days without onset of leukemia and produced 
donor-derived offspring [115]. In a subsequent study, the same group reported 
that seven out of eight human leukemic cell lines expressed the cell surface 
antigens CD45 and MHC class I [116]. In a rat model of Roser's T-cell leuke- 
mia, Hou and colleagues concluded that single parameter selection using either 
leukemic (CD4 and MHC Class I) or SSC (Ep-CAM) markers was not suffi- 
cient to eliminate malignant contamination [117], but malignant contamination 
was successfully removed using a combination of leukemia and SSC markers 
(plus/minus selection) [114, 118]. Using similar positive/negative selection 
strategies, Hermann and colleagues isolated VASA+ germ cells in the THY-1*/ 
CD45: fraction of leukemia-contaminated prepubertal nonhuman primate testis 
cells [118], and this fraction did not produce tumors in mice. Dovey and col- 
leagues contaminated human testis cells with MOLT-4 acute lymphoblastic 
leukemia cells and demonstrated by xenotransplantation that the Ep-CAM"/ 
HLA-ABC/CD49e° fraction was enriched 12-fold for transplantable human 
SSCs and was devoid of malignant contamination [114]. Collectively, these 
results are encouraging, but caution is still warranted as Geens and colleagues 
concluded, using EL-4 lymphoma contaminated mouse and human testis cells, 
that FACS- and MACS-based methods were insufficient to remove malignant 
contamination [119]. 

It will not be possible to perform comprehensive in vivo testing on patient 
samples because this would limit the amount of sample available for fertility 
therapy. More sensitive PCR-based methods have been described for detection of 
minimal residual disease (MRD), and this approach has identified malignant 
contamination in many ovarian tissue samples that were preserved for leukemia 
patients, even after negative histology and immunocytochemistry examination 
[120, 121]. However, in one of those studies, Dolmans and colleagues obtained 
disparate results from histology, qRT-PCR, and xenografting of ovarian tissues 
from leukemia patients. Quantitative RT-PCR to detect MRD revealed the pos- 
sibility of malignant contamination in 9 of the 16 samples that was not detected 
by histological examination. However, when those ovarian tissues were grafted 
into recipient mice, only five of the nine samples with positive MRD had evi- 
dence of leukemic cells 3 months after transplantation [120]. Were the MRD 
results in the other four cases nefarious, or were they accurate and the leukemic 
cells simply failed to survive freezing, thawing, and grafting? In the absence of a 
definitive and practical test of malignant contamination, alternatives to autolo- 
gous transplantation are needed for patients with hematogenous cancers, testis 
cancers, or cancers that metastasize to the testes. 
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De Novo Testicular Morphogenesis 


Testicular cells (including germ cells, Sertoli cells, peritubular myoid cells, and 
Leydig cells) have the remarkable ability to reorganize to form normal looking sem- 
iniferous tubules when grafted under the skin of recipient mice [122-126]. Ina 
Dobrinski and colleagues disaggregated neonatal pig and sheep testis cells, pelleted 
them by centrifugation, and grafted them under the skin of immune-deficient mice. 
When grafts were recovered between 16 and 41 weeks after transplant, cells had 
reorganized to form seminiferous tubules with complete spermatogenesis [125, 
126]. In a remarkable extension of this approach, Kita and colleagues [124] mixed 
fetal or neonatal testis cells from mice or rats with GFP*-cultured mouse germline 
stem cells and growth factor-reduced Matrigel and grafted under the skin of 
immune-deficient mice. Seven to 10 weeks after grafting, seminiferous tubules with 
complete spermatogenesis originating from both intrinsic germ cells and cultured 
(GFP*) germ cells were observed. Tubules were dissected and GFP* round sperma- 
tids were recovered, injected into mouse oocytes. The resulting embryos were trans- 
ferred to recipient females and gave rise to ten mouse pups, including four with the 
GFP transgene. It may be feasible to build a human testis from disaggregated human 
testis cells, but this has not been reported to our knowledge. The human experiment 
may be complicated by limited availability of fetal, neonatal, or prepubertal human 
testis cells. It does not appear that anyone has tried to “build a testis" from disag- 
gregated adult testis cells for any species. One day it may be possible to “build a 
testis,” in vitro or in vivo, on the scaffold of a decellularized human testis [127]. 


Testicular Tissue-Based Methods to Preserve and Restore 
Male Fertility 


Testicular Tissue Grafting and Xenografting 


Testicular tissue grafting may provide an alternative approach for generating 
fertilization-competent sperm from small testicular biopsies. In contrast to the SSC 
transplantation method in which SSCs are removed from their cognate niches and 
transplanted into recipient seminiferous tubules, grafting involves transplantation of 
the intact SSC/niche unit in pieces of testicular tissue. Honaramooz and colleagues 
reported that grafted testicular tissue from newborn mice, rats, pigs, and goats, in which 
spermatogenesis was not yet established, could mature and produce complete sper- 
matogenesis when xenografted into nude mice [128]. The same group later reported 
the production of live offspring from sperm obtained from mouse testicular tissue 
grafts [129]. Fertilization-competent sperm was also produced from xenografts of pre- 
pubertal nonhuman primate testicular tissue transplanted into mice [130]. These results 
suggest that it may be possible to obtain fertilization-competent sperm by xenografting 
small pieces of testicular tissue from a prepubertal cancer patient under the skin of 
mice or other animal recipients such as pigs that are already an established source for 
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human food consumption, replacement heart valves [131, 132], and potentially other 
organs [133]. Xenografting would also circumvent the issue of malignant contamina- 
tion. However, the xenografting approach raises concerns about xenobiotics because 
viruses from mice, pigs, and other species can be transmitted to human cells [134, 135]. 
There is no evidence to date that xenografted human testicular tissue can produce sper- 
matogenesis or sperm in mice [136-141]. However, there is reason for optimism 
because Sato and colleagues observed primary spermatocytes 1 year after xenografting 
testicular tissue from a 3-month-old boy that clearly did not have spermatocytes at the 
time of transplantation [140]. Xenografting of human testicular tissue to species other 
than mice has not been tested to our knowledge. 

If malignant contamination of the testicular tissue is not a concern, autologous tes- 
ticular tissue grafting can be considered. Luetjens and colleagues demonstrated that 
fresh autologous testicular tissue grafts from prepubertal marmosets could produce 
complete spermatogenesis when transplanted into the scrotum but not under the skin 
[142]. Frozen and thawed grafts did not produce complete spermatogenesis in that 
study, but those grafts were only transplanted under the skin. Therefore, additional 
experimentation is merited. Testicular tissue grafting will not restore natural fertility 
but could generate haploid sperm that can be used to fertilize oocytes by ICSI. 


Testicular Tissue Organ Culture 


Sato and colleagues reported that intact testicular tissues from newborn mice (2.5— 
3.5 days old) could be maintained in organ culture and mature to produce spermato- 
genesis, including the production of fertilization-competent haploid germ cells 
[143, 144]. Testicular tissues from neonatal mice were minced into pieces (1-3 mm?) 
and placed in culture at the gas/liquid interface on a slab of agarose that was soaked 
in medium. Haploid round spermatids and sperm were recovered from the tissue 
after 3—6 weeks in culture and used to fertilize mouse eggs by ICSI. The resulting 
embryos were transferred to pseudopregnant females and gave rise to healthy off- 
spring that matured to adulthood and were fertile. If testicular tissue organ culture 
can be translated to humans, it will provide an alternative to autologous SSC trans- 
plantation, autologous grafting, and xenografting in cases where there is concern 
about malignant contamination of the testicular tissue. The same authors were also 
successful to produce haploid germ cells in organ culture of frozen and thawed tes- 
ticular tissues, which is particularly relevant to the cancer survivor paradigm. 
However, the fertilization potential of those sperm was not tested [143]. 


Induced Pluripotent Stem Cell-Based Methods to Preserve 
and Restore Male Fertility 


Several groups have now reported that it is possible to produce germ cells from 
pluripotent embryonic stem cells (ESCs) or induced pluripotent stem cells (iPSCs) 
[145-158]. Hayashi and coworkers reported that it is possible to differentiate ESCs 
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or iPSCs into epiblast-like cells (EpiLCs) that then give rise to primordial germ cell- 
like cells (PGCLCs) when cultured in the presence of BMP4 [145]. The resulting 
germ cells were transplanted into the seminiferous tubules of infertile recipient 
mice where they regenerated spermatogenesis and produced haploid gametes that 
were used to fertilize mouse oocytes by ICSI. The embryos were transferred to 
recipient females and gave rise to live offspring. However, some of the offspring 
developed tumors in the neck area and died prematurely, suggesting that further 
optimization of the culture and differentiation protocols will be required [145]. Two 
groups recently reported the differentiation of human pluripotent stem cells into 
putative hPGCLCS exhibiting gene expression patterns similar to bona fide human 
PGCs [146, 147]. Of course, functional validation by generation of progeny is not 
possible in studies with human cells. 

An important implication of the iPSC to germ cell differentiation technology, if 
responsibly developed, is that it will no longer be necessary to preserve fertility before 
the initiation of gonadotoxic treatments. An adult survivor of a childhood cancer who 
desires to start his family and discovers that he is infertile can theoretically produce 
sperm and biological offspring from his own skin, blood, or other somatic cell type. 
This scenario applies not only to childhood cancer survivors but all survivors who did 
not preserve semen or testicular tissue prior to gonadotoxic therapy. Nonhuman pri- 
mate and human pluripotent stem cells have also been differentiated to the germ lin- 
eage, producing putative transplantable germ cells and even rare cells that appear to 
be haploid [148—155, 157—159]. The challenge with the human studies is that it is not 
possible to test the spermatogenic potential or fertilization potential of putative germ 
cells, which are the gold standards in animal studies. Thus, the burden of proof 
required of human studies is much lower than animal studies. Spermatogenic lineage 
development and testicular anatomy in nonhuman primates is similar to humans [22], 
and this may serve as a platform for safety and feasibility studies in which putative 
germ cells can be tested by transplantation, and the resulting gametes can be tested by 
fertilization [85], embryo transfer, and production of live offspring. Perhaps 1 day it 
will be possible to build a human testis in vitro or in vivo on a decellularized human 
testis scaffold, and this will provide the ultimate platform to test the spermatogenic 
potential of experimentally derived human germ cells. 


Conclusions 


Many centers worldwide are actively preserving testicular tissue or testicular cells for 
cancer patients in anticipation that those samples can be used in the future for repro- 
ductive purposes. Therefore, it is incumbent on the medical and research communities 
to responsibly develop the technologies that will allow patients to use their samples to 
achieve their family building goals. This is important because cancer survivors report 
that fertility has a significant impact on their quality of life after cure. It seems reason- 
able to assume that similar quality of life issues are relevant to men who are infertile 
due to genetic (e.g., Klinefelter), surgical, age-related, accidental, or other causes. The 
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first, best, and proven approach for fertility preservation in males is to freeze sperm 
that can be obtained in a semen sample or extracted from the testis. With IVF and IVF 
with ICSI, only a relatively small number of sperm are required to achieve fertilization 
and pregnancy. Unfortunately, sperm banking is not an option for all patients, includ- 
ing prepubertal boys who are not yet producing sperm. 

There are several testicular cell- and tissue-based technologies in the 
research pipeline that may have application for patients who cannot preserve 
sperm. All of the technologies described in this chapter are dependent on stem 
cells (SSCs or iPSCs) with the potential to generate or regenerate autologous 
spermatogenesis. Spermatogonial stem cell transplantation, de novo testicular 
morphogenesis, testicular tissue organ culture, testicular tissue grafting/xeno- 
grafting, and iPSC-derived germ cells have all produced spermatogenesis with 
sperm that are competent to fertilize oocytes and give rise to viable offspring 
in mice. Several of these methods have also been translated to larger animal 
models, including nonhuman primates, indicating a potential for application in 
the human fertility clinic. 

The greatest challenge in the development of stem cell technologies for treat- 
ment of human male infertility is the lack of experimental tools for testing the sper- 
matogenic and fertile potential of human cells. This means that human studies 
cannot be held to the same standard for burden of proof that is required of animal 
studies. While it is not realistic or possible to demonstrate the fertilization potential 
of human stem cell-derived gametes, it may be possible to develop systems to test 
the spermatogenic potential of human cells, such as de novo testicular morphogen- 
esis or engraftment of a decellularized testis. Progress along these lines will provide 
powerful tools to ensure responsible development and validation of stem cell tech- 
nologies before they are translated to the male fertility clinic. 
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Chapter 9 
Assessing Testicular Reserve in the Male 
Oncology Patient 


James A. Kashanian and Robert E. Brannigan 


Abbreviations 


AMH  Anti-Müllerian hormone 

ASCO American Society of Clinical Oncology 
DSDs Disorders of sexual development 

FSH Follicle-stimulating hormone 

GnRH  Gonadotropin-releasing hormone 

HPG Hypothalamic-pituitary-gonadal 

LH Luteinizing hormone 

WHO World Health Organization 


Overview 


Over the past decade, numerous professional organizations have published fertility 
preservation recommendations that call for the seamless coordination of oncology 
care with concurrent fertility preservation care. For interested males, the cryopreser- 
vation of sperm prior to the initiation of cancer therapy has become an important 
aspect of comprehensive cancer care. Because fertility preservation is a major con- 
cern for many male patients diagnosed with malignancy, it is of utmost importance 
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for healthcare providers to discuss fertility preservation with affected patients as 
soon as possible after a cancer diagnosis is made. 

In its updated guidelines published in 2013, the American Society of Clinical 
Oncology (ASCO) recommended that all patients should be counseled on the 
possibility of infertility arising as a consequence of oncology treatments. 
Additionally, these guidelines call for clinicians to offer early referral to fertility 
preservation specialists to further discuss these issues and help deliver fertility pres- 
ervation care if the patient is interested [1]. 

Despite these guidelines, it is estimated that less than half of male pubertal can- 
cer patients are referred for fertility preservation consultation or sperm cryopreser- 
vation. Furthermore, less than half of pediatric oncology specialists are familiar 
with the ASCO recommendations on fertility preservation. This marked disparity 
exists despite the fact that published studies demonstrate that one of the biggest 
regrets male cancer survivors have is not discussing the deleterious reproductive 
effects of cancer therapy and options for fertility preservation [2]. 

While some men may permanently lose the ability to produce viable sperm as a 
result of their cancer therapies, others will, over time, have the return of sperm to the 
ejaculate. The proper determination of posttreatment fertility is an important aspect 
of ongoing care and can be a fluid situation changing over weeks, months, and even 
years. Clinicians must be familiar with the reproductive toxicities associated with 
various cancer treatment regimens, as these side effects can impact the endocrine 
system driving male reproduction, the testes in which sperm production occurs, and 
the excurrent ductal system which is responsible for sperm transport into the female 
reproductive tract. Finally, clinicians must be capable of accurately counseling 
patients as they consider their reproduction options. 

Normal testicular function is based on an intact hypothalamic-pituitary-gonadal 
(HPG) axis. The HPG axis drives male sexual development and fertility. This pro- 
cess is initiated by gonadotropin-releasing hormone (GnRH) that is secreted by the 
hypothalamus in a pulsatile manner. The distinct frequency and amplitude of these 
pulses directly stimulates luteinizing hormone (LH) and follicle-stimulating hor- 
mone (FSH) secretion by the anterior pituitary gland. FSH and LH support testicu- 
lar Sertoli cell and Leydig cell function, respectively. 

Testicular function is comprised of reproductive and androgenic function, 
and males may have a congenital or acquired defect in reproductive function 
(spermatogenesis), androgenic function (testosterone), or both. In the assess- 
ment of male reproductive and androgenic testicular function, it is important to 
delineate between primary and secondary causes. Etiologies of primary testicu- 
lar dysfunction are vast and can include cryptorchidism, disorders of sexual 
development (DSDs), trauma, infection, iatrogenic causes, and medication use. 
Cancer therapies, including surgery, chemotherapy, and radiation therapy, can 
also cause primary testicular failure and adversely affect fertility. Causes of 
secondary testicular failure can include genetic abnormalities affecting the HPG 
axis, brain tumors, trauma, and iatrogenic causes. Again, cancer therapies such 
as surgery, chemotherapy, and radiation therapy can also impact the HPG axis, 
leading to secondary testicular failure and adversely affecting fertility. The 
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effects of cancer therapy, whether causing primary or secondary testicular fail- 
ure side effects, occur in a dose-dependent and treatment-dependent manner 
[3-6]. For example, spermatogenesis is often impacted by chemotherapy in a 
dose-dependent fashion [3]. A history of chemotherapy is also often associated 
with an increase in posttreatment gonadotropin (LH and FSH) levels, a sign that 
the pituitary gland is actively compensating for impaired testicular production 
of testosterone and sperm, respectively [7]. Likewise, radiation therapy can 
affect testicular function by potentially damaging both germ cells and Leydig 
cells. Transient effects on spermatogenesis are common at very low doses 
(<2 Gy) of radiation therapy. Cumulative doses >2 Gy can result in transient or 
even permanent azoospermia [8]. At doses in excess of 20 Gy, Leydig cell tes- 
tosterone production is commonly affected, with some men developing lasting 
primary hypogonadism [8]. 

Biomarkers are, by definition, measurable indicators of a physiological state 
within an organism. Sensitivity, specificity, low cost, and attainability are hallmark 
features of an ideal biomarker, including biomarkers to monitor male androgenic 
and reproductive function [9]. As will be detailed below, numerous biomarkers have 
been investigated in order to quantify animal and human reproductive function [9]. 
When assessing testicular reserve in a male cancer survivor, clinicians should keep 
in mind that the minimum initial evaluation of the patient should include a full 
medical history, physical examination, and measurement of serum testosterone and 
FSH levels [10]. 


Evaluation 


A full medical history, including a detailed accounting of all oncology treatments, 
is the first step in a comprehensive reproductive evaluation of male cancer survi- 
vors. Modes of therapy, dosage, and duration of treatment often impact the sever- 
ity and duration of testicular dysfunction. A complete genitourinary exam is also 
an essential component of the evaluation of a male cancer survivor. Particular 
attention should be paid to the patient's overall appearance, with an assessment 
for clinical signs of low androgen levels. This can include changes such as a 
decrease in muscle mass and body hair. A breast exam should be conducted to 
assess for gynecomastia, which is a common sign of hyperestrogenemia. 
Additionally, a careful scrotal exam should be performed. This includes docu- 
mentation of the size, consistency, and location of the testicles bilaterally. 
Assessment for the presence and condition of the epididymis and vas deferens is 
also important. The clinician should assess these structures meticulously in order 
to assess for changes that might suggest evidence of inflammation and/or obstruc- 
tion that can sometimes result in response to the tumor or iatrogenically as an 
outcome of cancer therapies. While not a foolproof determinant of reproductive 
potential, testicular size can be a meaningful predictor of testicular function 
(hormone and sperm production) [11]. 
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Hormones 


Serum testosterone and FSH levels are useful in determining reproductive potential 
and facilitating the differentiation between subtypes of subfertility and infertility 
[10]. Endocrine abnormalities are highly prevalent in the setting of certain types of 
cancer. For example, among testicular cancer survivors, half will have at least one 
abnormality long term in testosterone, LH, or FSH following treatment [7]. 

FSH acts on testicular Sertoli cells to support spermatogonial proliferation and 
maturation through meiosis. FSH levels have been shown to be inversely correlated 
to testicular spermatogenic function and are commonly used as a barometer for 
spermatogenesis. Schoor et al. published data demonstrating that 89 % of men with 
nonobstructive azoospermia will have a serum FSH level greater than 7.6 mIU/ml 
and a testicular long axis of «4.6 cm. These authors also showed that over 90 % of 
men with normal sperm production will have an FSH in the normal range [12]. 
Several other groups have critically assessed the role of FSH as a biomarker for 
spermatogenesis and have reported similar findings. These authors have collectively 
recommended FSH reference ranges for adult men with the upper limit of normal 
for FSH being between 7.5 and 7.8 mIU/ml [13, 14]. Since there is minimal diurnal 
variation in FSH levels, a single level is sufficient to assess spermatogenesis [15]. 

Occasionally, an oncology patient will be found to have an abnormally low 
serum FSH level. This can result from tumor involvement with the hypothalamus 
and/or pituitary gland or cancer treatments (especially radiation therapy or surgical 
procedures) involving these same structures. For patients affected by abnormally 
low FSH levels, recombinant FSH (r-FSH) therapy typically results in normaliza- 
tion of FSH levels and restoration of fertility potential. 

LH stimulates testicular Leydig cell testosterone production. Serum levels of LH 
help to delineate if the origin of androgenic testicular failure is secondary to a cen- 
tral cause (low LH) or to a primary testicular cause (normal or increased LH). 
Sometimes, an oncology patient will be found to have abnormally low serum LH 
levels. As is the case for low FSH, this can result from tumor involvement with the 
hypothalamus and/or pituitary gland or cancer treatments involving these same 
structures. For patients affected by abnormally low LH levels, hCG therapy typi- 
cally results in normalization of testosterone levels and restoration of fertility 
potential. 

Testosterone is the male sex hormone that stimulates male muscle mass produc- 
tion, hair growth, libido, erections, bone health, and RBC production. Testosterone 
is also paramount in supporting spermatogenesis [16-18]. LH stimulates testicular 
Leydig cells to produce testosterone, which has autocrine, paracrine, and endocrine 
effects. Low levels of testosterone, although not necessarily predictive of spermato- 
genic failure, can potentiate poor sperm production and low sperm concentrations 
in the semen. Testosterone levels peak early in the morning, and AM levels are 
preferred for evaluation purposes. In the setting of post-cancer treatment, the best 
predictors of low testosterone are increasing patient age and low residual testicular 
volume «12 cc [19]. 
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Inhibin B is a dimer molecule comprised of alpha and beta subunits and is 
secreted by Sertoli cells in the testicle. Inhibin B exerts negative feedback on FSH 
secretion by the anterior pituitary gland, and there is thus an inverse relationship 
between serum inhibin B and serum FSH levels. Inhibin B levels are positively cor- 
related with testicle volume and sperm concentration. In infertile patients, inhibin B 
levels are decreased and FSH levels are increased. In general, the more pronounced 
the degree of spermatogenic impairment and the earlier the state of spermatogenic 
disruption, the lower the inhibin B level. 

In patients with a history of receiving chemotherapy or radiation therapy, inhibin 
B levels are often diminished [20]. Some investigators postulate that inhibin B and 
inhibin B/FSH ratios are more sensitive markers of male infertility than FSH levels 
alone [21]. Others have shown that levels of inhibin B can predict basal and reserve 
Sertoli cell activity [22]. Despite these findings, inhibin B has a limited role in serv- 
ing as a marker of spermatogenesis, with conflicting results being reported in the 
literature. For example, inhibin B levels are not reliable predictors of the presence 
of some foci of spermatogenesis in men with azoospermia [23]. Because of the 
inconsistent results, most clinicians do not routinely use serum inhibin B as a marker 
for predicting spermatogenesis. 

Anti-Müllerian hormone (AMH) is another hormone that has garnered attention 
as a possible reproductive biomarker in males. In females, AMH serves as a bio- 
marker for ovarian reserve. In males, some authors have suggested that this protein 
may be helpful to determine gonadal function, including FSH activity upon the 
testicle and androgen action within the testicle [24]. Several studies have specifi- 
cally investigated the role of AMH as a marker for spermatogenesis [25] and, more 
specifically, chemotherapy-induced testicular toxicity [26]. To date, AMH has not 
been found to be a reliable predictor of spermatogenesis in men with infertility, 
including men with a history of cancer treatments. AMH is thus not routinely used 
to determine testicular reserve, in contrast to its effective role in determining ovar- 
ian reserve. 

Estrogen is formed in males by the peripheral aromatization of testosterone in 
the adipose, brain, skin, and bone tissue. Estrogen's role in spermatogenic matura- 
tion is still being delineated. In excess levels, it inhibits GnRH and LH release. At 
this time, estrogen is not routinely used in the evaluation of testicular reserve fol- 
lowing cancer therapy, but it is a lab value often checked in the clinical evaluation 
of an infertile male. For cancer survivors with obesity, estradiol serum levels should 
be assessed to ensure that levels are not elevated, which can result in suppression of 
testosterone production. 


Semen Testing 


Cryopreservation of sperm prior to the commencement of gonadotoxic cancer treat- 
ment is the preferred approach for fertility preservation in males. Sperm banking 
should be considered for all patients diagnosed with any malignancy, especially 
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males diagnosed with testicular cancer, leukemia, and lymphoma. The importance 
of sperm cryopreservation is evident in studies revealing that most cancer patients 
remain interested in future fertility and continue storage of banked sperm even after 
completion of cancer treatment [27, 28]. Men who cryopreserve sperm are more 
likely to be young and single compared to those who opt against sperm banking. 
Additionally, men who bank sperm are more likely to father a child after treatment, 
whether it be by natural means or IVF [29, 30]. While interest in fertility preserva- 
tion is high, approximately 10-15 96 of oncology patients who desire to bank sperm 
are unable to do so for a variety of reasons, including psychosocial issues, anejacu- 
lation, necrospermia, or azoospermia [28, 31]. For these males, sperm can often be 
surgically extracted from the testicles for cryopreservation. Also, while high per- 
centages of patients opt to bank sperm, there are those men who choose not to do so. 
Proper reproductive counseling is imperative for these men who decide against 
sperm cryopreservation before commencing oncologic therapy, as they may put 
themselves at risk of permanent infertility. 

At baseline, before initiation of cancer therapy, patients with certain malignan- 
cies may have significantly lower sperm concentration and worse semen quality 
compared to fertile controls [28, 31, 32]. Six to 11.8 % of all oncology patients will 
be azoospermic at the time of presentation [31, 33-35]. This is in stark contrast to 
the incidence of azoospermia in the general population, which is 1 % [36]. Overall 
tumor burden and tumor stage are factors that can impact these parameters in some 
men [37, 38]. Chemotherapeutic regimens can also have an array of effects on sper- 
matogenesis. This can range from no or minimal impact on semen parameters to 
temporary oligospermia or azoospermia with significant recovery to normospermia 
[4], to irreversible oligospermia, or to azoospermia [3]. The latter outcome is par- 
ticularly associated with alkylating agent chemotherapy. Similarly, radiation ther- 
apy can also affect quantitative semen characteristics in the short and long term, but 
semen parameters will often return to baseline by 24 months after treatment [32]. 
The ultimate effects on spermatogenesis, however, depend largely on the dose and 
location of radiation therapy being delivered. Bujan et al. demonstrated that 6 % of 
men remained azoospermic at 12 months and 2% at 24 months following radiation 
therapy for testicular cancer [32]. 

Unlike in females, where ovarian reserve is established in utero and declines over 
time, spermatogenesis commences at puberty and continues throughout life. 
Because of this, the semen analysis is currently the gold standard for assessing fer- 
tility status in the male. This test is readily available at most tertiary care centers and 
can be performed at any age after puberty. Semen analysis testing is an easy, cost- 
effective, and noninvasive mode of determining fertility potential in the male. 
Important parameters that comprise a formal semen analysis include the semen vol- 
ume, sperm concentration, sperm motility, and sperm morphology. 

In 2010 the World Health Organization (WHO) published the fifth edition of the 
Laboratory Manual for the Examination and Processing of Human Semen. Normal 
reference ranges were based on semen parameters of men whose partners became 
pregnant within 12 months of trying to conceive. Cutoffs above the fifth percentile 
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Table 9.1 Bulk semen parameters 


| WHO fourth edition | WHO fifth edition 
Volume |220ml |2L5ml 
Sperm concentration [220 million sperm per ml | 715 million sperm per ml. 
Sperm motility |250% total motility |240% total motility — 
Sperm morphology | = 14% normal forms l [»4 % normal forms 
White blood cells | $1.0 10% per ml | <1.0%10% per ml 


were considered normal [39]. Table 9.1 represents normal reference ranges of bulk 
semen parameters for the WHO IV and WHO V editions. 

Although these values are all taken into account when discussing male fertility, 
there is no algorithm available to reliably predict future fertility in men based on 
varying levels of sperm concentration, motility, and morphology. Calculations of 
the total sperm count, total motile sperm count, and morphology cutoffs have all 
been fraught with inaccuracy in predicting absolute fertility potential. 


Future Direction 


In this evolving age of personalized medicine, increasing attention has been focused 
on the genetics of male fertility. As in other disease states, biomarkers are frequently 
used for diagnosis and stratification, treatment selection, monitoring of disease pro- 
gression, and establishing patients’ responses to therapy [40]. Although semen 
analysis testing is still recognized as a surrogate marker of male fertility, the expo- 
nential growth of biomarkers derived from proteomics, epigenomics, and genomics 
has contributed to a new direction of male fertility research. This shift in investiga- 
tive focus could prove to be the next frontier in directed personalized medicine. 
However, although many studies have evaluated the genetic basis of male fertility, 
basic science and translational research have not resulted in a wealth of clinically 
useful diagnostic tests. Ideally, insights would be gained into genetic susceptibility 
to various cancer therapies, as well as propensity of an individual to regain repro- 
ductive function after completion of cancer treatment. 

More than 3,000 genes (about 4 % of human genome) are expressed in the testi- 
cles alone, and hundreds of these genes influence reproductive function in humans 
[41]. Additionally, there are over 4,000 proteins expressed in the seminal plasma. 
Because of this, significant attention has been focused on the proteomes of the tes- 
ticles, sperm, seminal fluid, and epididymis [42]. It is thought that these proteins 
might represent a rich source of potential biomarkers for male fertility [43], and 
characterization of the reproductive proteome might ultimately lead to significant 
improvement in the evaluation of the male reproductive tract [44, 45]. 

This enhanced understanding of fertility markers at the level of the individual 
might facilitate the development of more comprehensive prognostic models for 
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patients. The benefit of this approach would be potentially enhanced diagnostic 
capabilities, reduced cost, and personalized fertility treatments that anticipate repro- 
ductive success at baseline (before cancer treatment) and post-cancer therapy. This 
field is still quite young, and it is estimated that more than 1,000 biomarkers would 
be needed to accurately evaluate male fertility potential [46]. Although much more 
clinical insight is needed, the implications of a more personalized approach to infer- 
tility risk stratification would be an enormously useful tool for clinicians and 
patients alike. 

In conclusion, a serum testosterone level, a serum FSH level, and a semen analy- 
sis are currently the most robust biomarkers for assessing testicular reserve in the 
male cancer survivor. As the era of "personalized medicine" progresses, panels of 
biomarkers that stratify baseline fertility potential and posttreatment infertility risk 
will facilitate clinical decision-making for both healthcare providers and their 
patients. 
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Chapter 10 
Male Sexuality 


Brooke Cherven, Linda Ballard, Chad Ritenour, and Lillian Meacham 


Sexuality includes both physical and emotional components, has influences from 
societal norms and values, and plays a role in quality of life. Disorders of male sexual 
function have been attributed to many etiologic categories. In the mid- to late 1900s, 
male sexual dysfunction was thought to be primarily of psychogenic origin. 
Subsequently, perhaps in part due to a focus on medical and surgical interventions for 
sexual dysfunction, physiologic causes of sexual dysfunction progressively came into 
consideration. Now sexual health is realized to be multidimensional and an important 
contributor to overall health and quality of life. One of the most common forms of 
male sexual dysfunction, erectile dysfunction, has prevalence ranges from 10 to 55 96 
in various study populations [1, 2]. The National Health and Social Life Survey 
(NHSLS) subclassifies sexual dysfunction into problems associated with (1) desire 
for sex, (2) arousal difficulties, (3) inability to achieve climax or ejaculation, (4) anxi- 
ety about sexual performance, (5) climaxing or ejaculating too rapidly, (6) physical 
pain during intercourse, and (7) not finding sex pleasurable [1]. From this compre- 
hensive definition, it is clear that sexual dysfunction includes physiologic, psycho- 
logical, and social factors. Publications on sexual dysfunction in survivors of pediatric 
and adolescent cancer are limited and most focus on the psychosocial dimensions of 
sexual dysfunction in this population. In a recent publication, one-third of male and half 
of female survivors of childhood cancer reported problems with sexual function [3]. 
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Of interest in this study, males were more likely to report sexual symptoms as dis- 
tressing. In another study of childhood cancer survivors compared to the general 
population, male survivors but not female survivors reported problems with interest 
and satisfaction with sex [4]. It is important that male survivors of childhood cancer 
be educated about, and screened for, potential sexual dysfunction and provided 
options for treatment, so as to mitigate its impact on quality of life. 


Normal Sexual Development and Function 


A review the anatomy of the male reproductive system as well as endocrinology and 
physiology is important in the consideration of sexual function in male survivors of 
pediatric and adolescent cancer. Sexual differentiation occurs in the fetus at 
6-12 weeks gestation. In the presence of hormonally functioning testes, the phallus 
and scrotum form and the Wolffian ducts emerge while the Mullerian ducts regress. 
In mid-gestation the hypothalamic-pituitary-testicular axis matures. Gonadotropin- 
releasing hormone (GnRH) produced in the medial basal hypothalamus is released 
into the hypophyseal portal circulation and regulates the secretion of luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH). LH regulates testosterone 
production from the Leydig cells in the testes, while FSH is important for spermato- 
genesis. The hypothalamic-pituitary axis is quiescent after a brief burst of activity in 
early infancy until puberty which begins at age 11.5-12 years in males. As the 
physical transition from child to adult occurs with the acquisition of secondary sex- 
ual characteristics, sexual behaviors also emerge. Although the average age of ejac- 
ularche is 13 years, the onset of masturbation and sexual activities with others is 
modified by social mores, family beliefs, and the individual's health and beliefs. 

To understand the pathophysiologic causes of sexual dysfunction, it is important 
to know the male genitourinary anatomy and normal physiologic functions related 
to sexual activity [5]. The penis is composed of a single corpus spongiosum sur- 
rounding the urethra and paired corpora cavernosa which fill with blood during an 
erection. The innervation to the penis is through somatic, parasympathetic, and 
sympathetic nerves. The somatic nerves have both sensory and motor functions. The 
parasympathetic nerves which arise from the sacral cord at S2 and S4 and traverse 
the retroperitoneal space as the nervi erigentes signal vasodilation of the corpora, 
and this initiates an erection. The counterbalancing sympathetic nervous system 
regulates contraction of the vasa deferentia, seminal vesicles, prostate, and bladder 
neck during sexual activity which results in emission. In addition, the sympathetic 
nervous system mediates detumescence. 

The male sexual response has been divided into various stages and substages 
which can be summarized into the following: desire or libido, erection, emission/ 
ejaculation, and detumescence [6—9]. Psychological factors, social factors, chronic 
health conditions, medications, and substance use can alter normal sexual function 
(Table 10.1). Much is published on disorders of sexual function in the normal adult 
male population with the bulk of the studies focused on erectile dysfunction. It is 
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Table 10.1 Male sexual dysfunction 


Dysfunction by the activities 
of the sexual cycles 


Libido/desire: 


Causes of sexual dysfunction 


Psychogenic 


Hypoactive sexual desire 


Androgen deficiency 


15% adult men 


Major psychological disorders 


Chronic medical conditions 


Drugs (antihypertensives, psychotropics, dopamine blockers) 


Substance abuse (alcohol, narcotics) 


Erection/erectile dysfunction: 


Psychogenic 


12% in 218 years old 


Androgen deficiency 


25—50 96 in 60—70 years old 


Major psychological disorders 


52 % in mass male aging 
study 


Chronic medical conditions (diabetes, vascular, cardiac, 
hepatic, renal, pulmonary cancer) 


Penile disease (Peyronie's disease, congenital malformations) 


Drugs (antihypertensives, anticholinergics, psychotropics) 


Substance abuse (cigarette smoking, alcohol, narcotics) 


Ejaculation: 


Psychogenic 


Premature ejaculation 


Poor health status 


Prevalence 20—30 96 


Sympathetic denervation (diabetes, surgery, or radiation) 


Problems of emission or 
retrograde ejaculation 


Drugs (sympatholytic, antihypertensive, MAO inhibitors, CNS 
depressants, antipsychotics) 


Androgen deficiency 


Orgasm: 


Psychogenic 


Orgasmic dysfunction 


Drugs (SSRI, TCA, MAO inhibitors) 


Relatively rare — prevalence 
3-10 % 


Substance abuse 


CNS nervous system disease (multiple sclerosis, Parkinson's 
disease, Huntington's chorea, lumbar sympathectomy) 


Detumescence: 


Structural abnormalities (Peyronie's disease, phimosis) 


Failure of detumescence 
(priapism) 


Primary priapism (idiopathic) 


Secondary priapism due to disease (sickle cell, amyloidosis, 
inflammatory, solid tumors, trauma) or due to drugs 
(phenothiazine, trazodone, cocaine) 


estimated that 322 million patients will experience ED by the year 2025 [10]. An 
overview of male sexual dysfunction in the general population, as well as the lim- 
ited studies published on survivors of pediatric and adolescent cancer, will be 


included in this chapter. 


Erectile Dysfunction (ED) 


Erectile dysfunction has been defined by the NIH as the "persistent inability to attain and 
maintain an erection sufficient to permit satisfactory sexual performance" [11]. Erectile 
function is the result of a complex interplay between vascular, neurologic, hormonal, 
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and psychological factors and may significantly impact quality of life. Epidemiological 
data have shown a high prevalence and incidence of ED worldwide. The first large, 
community-based study of ED was the Massachusetts Male Aging Study (MMAS) [2]. 
The study reported an overall prevalence of 5246 ED in noninstitutionalized men aged 
40-70 years in the Boston area; Furlow reported a rate of 12% in males above age 18 
[12], while other surveys reported ranges of 25-30 % in men aged 60-70 [13, 14]. 


Etiology 


The pathophysiology of ED may be vascular, neurogenic, anatomical, hormonal, drug 
induced, and/or psychogenic. ED may also be a result of a mix of etiologies (see 
Table 10.1). Systemic diseases such as chronic liver, kidney disease, diabetes, or can- 
cer have been associated with ED [5]. Cardiovascular diseases are strongly associated 
with ED, which may be the complaint that leads to discovery of an underlying diagno- 
sis of hypertension or coronary artery disease. Anatomical disorders include Peyronie's 
disease, congenital malformations, and genitourinary trauma. Hormonal disorders 
include hypogonadism and hyperprolactinemia. Medications associated with ED 
include primarily antihypertensive agents and psychogenic drugs. In addition, the nor- 
mal aging process has been shown to result in a decrease in sexual responsiveness and 
is reflected in the increased incidence of complaints of ED in older age groups [2]. 


Diagnosis 


The first step in screening for ED is a detailed sexual and medical history of the 
patient. Partners, when available, should be included. 


Sexual History 


The sexual history should include information about previous and current sexual rela- 
tionships, onset, severity and duration of the erectile problem, and previous consulta- 
tions and treatments. A detailed description should be made of the rigidity and duration 
of both sexually stimulated and morning erections and of problems with arousal, 
ejaculation, and orgasm [15]. Assessment of other areas of sexual dysfunction such as 
ejaculation, libido, and orgasm should be included in the history. Several patient ques- 
tionnaires have been developed for assessment of ED, including the Sexual Health 
Inventory for Men (SHIM) and the International Index of Erectile Function (IIEF) 
[15]. Either of these questionnaires may be used as an adjunct to diagnosis of ED. 
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Medical History 


Patients with ED should be screened for symptoms of possible hypogonadism, 
including decreased energy, libido, and fatigue, as well as for symptomatic lower 
urinary tract infections. Any history of heart disease, hypertension, diabetes melli- 
tus, neurologic disorders, and renal disease should be reviewed. Lifestyle factors 
that include smoking, obesity, high-fat diet, use of recreational drugs and alcohol, 
and lack of exercise may be contributing factors. Mental health history and current 
psychological status are important considerations as depression is a common 
comorbidity in ED. Medications, including antihypertensive, cardiac, psychotropic, 
and hypoglycemic agents, are often associated with ED. It may be difficult, how- 
ever, to separate the medication from the underlying disease as the causative agent 
of the ED. History of cancer of the pelvic organs, testes, prostate, central nervous 
system, and spinal tumors and associated treatments including surgery and radiation 
may contribute to ED. 


Physical Examination 


The physical examination should be focused on the genitourinary, endocrine, vas- 
cular, and neurological systems. The exam may reveal unsuspected diagnoses, 
such as Peyronie's disease (an acquired, localized fibrotic disorder of the tunica 
albuginea resulting in penile deformity, mass, and/or pain), or hypogonadism. 
Signs of hypogonadism include decreased volume and/or turgor of the testes, 
alterations in secondary sexual characteristics, and gynecomastia. Blood pressure 
and femoral and peripheral pulses can reflect vascular health. A thorough neuro- 
logical exam, including visual fields, should be assessed for symptoms of pituitary 
tumors. 


Laboratory Testing 


Laboratory testing should be tailored to the patient's complaints and risk factors. 
Testing may include fasting glucose or HbAlc, urinalysis, blood chemistry panel, 
and lipid profile. ED may be an early manifestation of coronary artery disease [16]. 
Concern for associated cardiovascular disease may warrant further investigation 
and/or referral to a cardiologist. Hormonal tests include a morning sample for a total 
testosterone. However, the threshold of testosterone to maintain erectile function is 
low, and ED is usually a symptom of more severe cases of hypogonadism. Additional 
hormonal tests, such as prolactin and luteinizing hormone, are performed when low 
testosterone levels are detected. If any abnormality is observed, referral to an endo- 
crinologist may be indicated. 
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Specialized Diagnostic Tests 


While most patients with ED can be diagnosed with a thorough history and physical 
exam, some patients may need referral to a urologist for specific diagnostic tests. 
These may include nocturnal penile tumescence and rigidity test, intracavernosal 
injection test, duplex ultrasound of the penis, arteriography, and dynamic infusion 
cavernosometry or cavernosography. 


Treatment Options 


The primary goal in the management strategy of a patient with ED is to determine 
and treat its underlying etiology when possible. The American Urological 
Association (AUA) has issued evidence-based guidelines for the diagnosis and 
treatment of erectile dysfunction [17]. Originally written in 1996, the guidelines 
have been reviewed and revised in 2005 and 2011 and provide detailed descriptions 
of recommended strategies for ED management. 

ED may be associated with modifiable or reversible risk factors, including life- 
style and/or medications. These factors may be modified either before or in con- 
junction with specific therapies. Screening for cardiovascular disease must be done 
prior to treatment, due to the potential risks associated with sexual activity in 
patients with heart disease [18]. Guidelines developed by the Princeton Consensus 
Panel [17] describe three levels (high, intermediate, low) of cardiovascular risk fac- 
tors. Patients in the high and intermediate categories should be evaluated by a car- 
diologist prior to initiating therapies for ED. 

The currently available therapies that should be considered for the treatment of 
erectile dysfunction include the following: pharmacologic (oral phosphodiesterase 
type 5 [PDE-5] inhibitors), intraurethral alprostadil, intracavernous vasoactive drug 
injection, vacuum constriction devices, and penile prosthesis implantation. These 
appropriate treatment options should be applied in a stepwise fashion with increasing 
invasiveness and risk balanced against the likelihood of efficacy [17], and referral for 
management by urology may be appropriate. PDE-5 inhibitors are contraindicated in 
men taking nitrates and should be used cautiously in men taking alpha-adrenergic 
blocker medications. The choice of a specific PDE-5 inhibitor (short or long acting) 
depends on the frequency of intercourse and the patient's personal experience. 

Surgical correction may be needed for patients with ED due to penile abnormali- 
ties, e.g., hypospadias, congenital curvature, or Peyronie's disease, with preserved 
rigidity. Endocrine therapy for hypogonadism or hyperprolactinemia is an appropri- 
ate intervention for patients with a definite endocrinopathy. Combination therapy of 
a PDE-5 inhibitor and testosterone may be useful for hypogonadal men who do not 
respond to PDE-5 therapy alone. Testosterone therapy should be supervised by an 
endocrinologist and requires close monitoring for side effects (liver, prostate). 
Testosterone should be used cautiously in patients with unstable cardiac disease or 
concern for prostate disease [19]. 
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Psychosexual therapy may be useful in combination with both medical and sur- 
gical treatment for men with ED. For some patients, brief education, support, and 
reassurance may be sufficient to restore sexual function, and for others, referral for 
more specialized and intensive counseling may be necessary. 


Ejaculatory Dysfunction 


Premature Ejaculation 


Premature ejaculation (PE) is a common male sexual dysfunction. Prevalence rates 
are quite variable ranging from 20 to 30 % in multiple studies of adult males [15, 20], 
while European studies indicate an approximate prevalence of 5% [16]. PE can be 
difficult to define, and few men present for treatment. It is defined in the DSM-VI as 
persistent or recurrent ejaculation with minimal sexual stimulation that occurs before 
or shortly after penetration and, importantly, before the person wishes it. 


Etiology 


The etiology and pathophysiology of PE are unknown. A significant proportion of 
men with ED also experience PE, and it can be difficult to distinguish between 
them. Other potential risk factors for PE include a genetic predisposition, poor over- 
all health status and obesity, prostate inflammation, thyroid hormone disorders, 
emotional problems and stress, and traumatic sexual experiences [16]. 


Diagnosis 


The diagnosis of PE is based on the patient's medical and sexual history. Important 
criteria include whether PE is situational, such as with a specific partner or certain 
circumstances, and lifelong or acquired and impact on sexual activity and quality of 
life for both the patient and partner. Physical exam may assist in identifying associ- 
ated underlying conditions, such as endocrinopathies and urological disorders. 

There are several patient questionnaires for use in diagnosing PE. The most com- 
monly used is the Premature Ejaculation Diagnostic Tool (PEDT) [21]. 


Treatment 


Treatment approaches may include behavioral modification therapies and/or psycho- 
therapy, decrease in sensory input, or controlled use of medications that have delayed 
ejaculation as part of their side effect profile. Although not approved by the FDA for 
this indication, oral antidepressants (SSRIs) and topical anesthetic agents have been 
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shown to delay ejaculation in men with PE and have minimal side effects when used 
for the treatment of PE. Treatment with oral antidepressants should be started at the 
lowest possible dose that is compatible with a reasonable chance of success. In 
patients with concomitant PE and ED, the ED should be treated first [20]. Regular 
follow-up is important to evaluate efficacy and side effects. Support and education of 
the patient and, when possible, the partner are an integral part of PE therapy [20]. 


Inhibited Ejaculation 


The prevalence of inhibited ejaculation is estimated at 1.5 in 1000 of the general male 
population [15]. Rates of inhibited ejaculation increase with age, with an overall 
incidence of 3% in men aged 50—54 years [22]. This disorder may be lifelong or 
acquired and situational or partner specific and is described as delayed or absent 
ejaculation. 


Etiology 


The majority of patients who report inhibited ejaculation have no clear etiology. 
There is an association with reports of personal or relationship distress and general 
health issues [15]. Any medical disease, drug, or surgical procedure that interferes 
with either central (including spinal or supraspinal) control of ejaculation or the 
autonomic innervation to the seminal tract, including the sympathetic innervation to 
the seminal vesicles, the prostatic urethra, and the bladder neck, or sensory innerva- 
tion to the anatomical structures involved in the ejaculation process, can result in 
delayed ejaculation, anejaculation, and anorgasmia [23]. Specific causes of delayed 
or absent ejaculation include medications, sympathetic denervation, hormone defi- 
ciency, lower urinary tract infections, and spinal cord injury. 


Treatment 


Treatments include psychosexual counseling, medication therapy or discontinua- 
tion of interfering medication, hormone replacement, and vibratory stimulation. 


Retrograde Ejaculation (RE) 
Etiology 
Retrograde ejaculation results from damage to the sympathetic innervation of the 


ejaculatory system and bladder neck. RE may be caused by anatomic abnormalities 
such as urethral strictures, bladder neck resection, or fibrosis. Neurologic causes 
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include multiple sclerosis, spinal cord injury, retroperitoneal lymphadenectomy, 
prostate or colorectal surgery, or diabetic neuropathy. Pharmacologic agents can 
also result in RE, primarily antihypertensive drugs, alpha-adrenergic blocking 
drugs, antipsychotics, and antidepressants [15]. 


Diagnosis 


Patients with absent or low-volume ejaculate should be tested using semen analysis 
and urinalysis. Diagnosis is confirmed by the presence of sperm in a post-ejaculation 
urine sample. Diagnosis may result following evaluation for infertility due to 
azoospermia. 


Treatment 


In cases of pharmacologic etiology, discontinuation of the medication may resolve 
the problem. Pharmacotherapy is most often used for neurologic causes, particu- 
larly if partial nerve damage exists. Current drugs include alpha-adrenergic agents 
such as ephedrine, or tricyclic antidepressants with anticholinergic effects. 
Successful response is most likely found in patients with partial nerve damage. 


Painful Ejaculation 


Ejaculatory pain, although rare, may result from epididymal congestion after vasec- 
tomy, duct infection or obstruction, testicular torsion, mass lesion, lower urinary 
tract infection, or prostatitis. Psychogenic causes should also be considered. 


Psychosexual Problems 


Sexual dysfunction often has psychosocial components as an underlying cause and/ 
or a consequence. Relationship status, strain with partner, life changes, and stress 
can all impact sexual function. Any patients with sexual dysfunction problems 
should be evaluated for psychological issues. Even if a problem is found to have a 
known physical cause, there may still be underlying psychological causes or 
implications. 

Erectile dysfunction and ejaculatory problems can often be associated with psy- 
chological problems, particularly depression and anxiety. In the Massachusetts 
Male Aging Study, researchers found that ED was associated with depressive symp- 
toms (OR 1.82, 95 % CI, 1.21-2.73) [2]. 

Hypoactive sexual desire (HSD), or decreased libido, is a subjective report of the 
absence or decrease in frequency of sexual desire. It is often associated with other 
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sexual dysfunctions, such as ED, and is influenced by social and cultural norms 
[15]. Depression and relationship conflict can influence sexual desire, and patients 
reporting HSD may benefit from referral to a psychologist. 


Sexuality in Survivors of Childhood Cancer 
Risk for Sexual Dysfunction in Survivors of Childhood Cancer 


Survivors of childhood cancer should receive lifelong, specialized follow-up for 
late effects of cancer treatment. Survivorship care is individualized based on 
diagnosis and treatment exposures and is best directed by a Survivorship 
Healthcare Plan (SHP) which includes a detailed medical summary of cancer 
treatment, individualized late effect risk profile, and surveillance plan for early 
detection of late effects. An SHP is created using the Children's Oncology Group 
Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent, and 
Young Adult Cancer [24]. These guidelines are evidence-based screening recom- 
mendations created by multidisciplinary teams of expert clinicians in the field of 
childhood cancer survivorship. In addition to screening recommendations for a 
variety of health problems, the guidelines detail specific treatments which are 
associated with potential sexual dysfunction, such as radiation and surgery 
(Table 10.3) [25]. 

The impact of cancer treatment on sexuality has not been studied extensively in 
survivors of childhood cancer. Relander [26] found that among male survivors, 
60% reported normal sexual function, with higher rates of sexual dysfunction 
reported in patients treated for tumors of the hypothalamic-pituitary region and 
patients who received testicular radiation or high doses of alkylating agents. The 
self-report of sexual function, however, in general is not specific to types of prob- 
lems. The limited evidence of association of childhood cancer treatment with erec- 
tile dysfunction, ejaculatory problems, and psychosexual problems as well as 
psychosocial implications of sexual dysfunction in survivors will be discussed 
below. 


Erectile Dysfunction 
Etiology in Survivors 


Specific treatment-related risk factors in survivors include cranial, pelvic, or spinal 
surgery, radiation, and hormonal deficiency, as well as those risk factors found in 
the general population such as increasing age and emotional distress [27]. Untreated 
hypoandrogenism may impact erectile function. In a report from the Childhood 
Cancer Survivor Study, radiation therapy to the testes was associated with ED as 
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was pelvic radiation, thought to be caused by effects on the corpora cavernosa or 
penile bulb [28]. The study found that exposures as low as 10 Gy were associated 
with ED, suggesting that males treated at a young age may be vulnerable to perma- 
nent changes of the penile structure [28]. Treatment-related comorbidities such as 
obesity, diabetes mellitus, hyperlipidemia, renal disease, cardiac dysfunction, and/ 
or depression and anxiety may cause or worsen ED, and many survivors are at 
higher risk than their peers for these conditions [29, 30]. See Table 10.2 for a list of 
health conditions associated with sexual dysfunction with bolded items those that 
can be seen in survivors depending on their treatment exposure history. Specific 


Table 10.2 Health condition associated with sexual dysfunction 


Vascular disease Cardiovascular disease (hypertension, atherosclerosis, 
hyperlipidemia) 


Diabetes mellitus 


Neurogenic Central causes 


Degenerative disorders (multiple sclerosis, Parkinson’s disease, etc.) 
Stroke 
Central nervous system tumors 


Peripheral causes 


Spinal cord trauma or diseases 


Polyneuropathy 
Types 1 and 2 diabetes mellitus 


Chronic renal failure 


Anatomic or structural | Hypospadias/epispadias 


Micropenis 


Congenital curvature of the penis 


Peyronie’s disease 


Hormonal Hypogonadism 


Hyperprolactinemia 


Medication side effect | Antihypertensives (diuretics are the most common medication causing 
ED) 


Antidepressants (selective serotonin reuptake inhibitors, tricyclics) 


Antipsychotics (including neuroleptics) 


Antiandrogens 


GnRH analogues and antagonists 


Recreational drugs (alcohol, heroin, cocaine, marijuana, methadone) 
Psychogenic Generalized 


Lack of arousability and disorders of sexual intimacy 


Situational 
Partner-related, performance-related issues due to distress 


Trauma Penile fracture 


Peyronie's disease 


Italics indicates conditions for which many survivors are at risk because of their treatment history 
See the Children's Oncology Group Long-term Follow-up Guidelines for treatment exposures 
associated with risk for various health conditions. www.survivorshipguidelines.org 
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Table 10.3 Cancer treatment exposures associated with increased risk for sexual dysfunction? 


Chemotherapy u || Radiation sites ] Surgery 

None | Pelvis | Spinal cord surgery 
‘Spine — | Pelvic surgery | 
‘Testicular “| Cystectomy - 


Retroperitoneal tumor or node 
dissection 


“According to the Children’s Oncology Group Long-term Follow-up Guidelines 


childhood cancer treatments which may increase risk for sexual dysfunction are 
found in Table 10.3. 


Incidence in Survivors 


The specific incidence of ED in childhood cancer survivors has not been well stud- 
ied. Some studies report an incidence to be around 20 % in survivors [3, 28, 31]. In 
a study of 1622 adult survivors of childhood cancer, Ritenour et al, using the 
International Index of Erectile Function, found that 12 % met the criteria for erectile 
dysfunction, compared with only 4% of their healthy siblings (Relative Risk 2.66, 
95% CI (1.41, 5.01)). Survivors were also twice as likely than their siblings to 
report treatment for ED [28]. Similar to the general population, sexual dysfunction 
was more common in older survivors, regardless of previous treatment [31]. 


Ejaculatory Problems 
Etiology in Survivors 


Surgical procedures and/or pelvic radiation involving the bladder or other pelvic 
organs may also impact nerve and blood vessel function. Retroperitoneal lymph 
node dissection techniques have been known to cause retrograde ejaculation, and 
while procedures have been improved, they continue to carry a risk. Patients with 
impaired spinal cord function may have difficulty with ejaculation [15]. 

Patients with comorbid conditions related to their cancer diagnosis and treat- 
ments may experience ejaculatory dysfunction due to medication therapy such as 
antihypertensives and antidepressants. 


Incidence in Survivors 


Sundberg compared young adult male survivors with healthy peers and found survi- 
vors more frequently reported sexual dysfunction compared with peers; this includes 
premature ejaculation in 9% of survivors compared to 7% of peers and orgasmic 
difficulty during intercourse among 10 % of survivors compared with 3 % of peers [4]. 
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Jonker-Pool et al. conducted a meta-analysis of research focused on survivors of 
testicular cancer, a common diagnosis in the young adult population, which revealed 
that ejaculatory dysfunction was reported in 44% of survivors and was related to 
surgery in the retroperitoneal area [32]. 


Psychosexual Issues in Survivors 


Much of what is known about sexual dysfunction in survivors of childhood cancer 
has been assessed through the lens of sexuality, satisfaction with sexuality, impact on 
quality of life, and life satisfaction. A recent study examined body image and sexual 
satisfaction in a group of 87 survivors and age-/gender-matched controls [33]. While 
results from this study indicate comparable satisfaction and psychosexual develop- 
ment, other studies have found that survivors report problems in categories of the 
NHSLS such as decreased desire and arousal as well as a negative impact from 
health problems on sexual satisfaction. 

Zebrack surveyed 599 survivors of childhood cancer aged 18—39 and found that 
20 96 of males reported lack of sexual interest and being unable to relax and enjoy 
sex and 16 % reported at least some difficulty in becoming sexually aroused [3]. Van 
Dijk et al. surveyed 60 survivors (31 male) between the ages of 16 and 40 who were 
diagnosed under the age of 21 to assess the relationship of psychosexual function 
and quality of life and found that many survivors experienced problems [34]. Sexual 
problems included just over 40 % of respondents who seldom or were never able to 
feel themselves sexually attractive and 44% felt almost no sexual attraction and 
seldom satisfied with their sexual lives. Forty-four percent were seldom/never able 
to see themselves as sexually attractive toward others [34]. 

Those who reported sexual dysfunction also had poorer health-related quality of 
life, and the association between the two was stronger among males than females [3]. 
When comparing survivors by gender, females were more likely to report sexual func- 
tion problems, but having a sexual function problem had a larger impact on quality of 
life in males. This finding is echoed by van Dijk's study where 18 % of male survivors 
surveyed felt a limitation in their sexual life due to their illness, mainly associated with 
uncertainty about their own body, difficulty with emotions, scars, and possible fertility 
problems [34]. Interestingly a study of survivors of cancer to the lower bone extremity 
found that those who had an amputation or Van Nes rotationplasty reported better 
sexual functioning than those who had a limb salvage procedure [35]. 


Cancer's Inpact on Normal Sexual Development 


The cancer diagnosis can often impact the trajectory of typical childhood develop- 
ment, especially for those patients whose treatment may interrupt normal adolescence. 
Research has found that survivors have fewer sexual partners and often reach sexual 
milestones later than healthy peers. Survivors are often older at the time of the first 
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relationship and at time of the first sexual intercourse [36]. Van Dijk found this to be 
true especially for survivors who had received their cancer treatment during adoles- 
cence [34]. These findings are echoed through qualitative study of adolescent survi- 
vors who describe the challenges of forming romantic relationships while undergoing 
treatment and the need to prioritize getting through treatment over dating [37]. 


Relationships and Intimacy 


A cancer diagnosis and treatment can have effects on future relationships. Over one- 
third of adolescent and young adult cancer survivors report cancer having a negative 
impact on dating, and 40—60 % report a negative impact on their sexual function/ 
intimate relations, with a larger perceived impact seen in older childhood cancer 
survivors (30-39 years of age) compared with adolescents aged 15-20 years [38]. In 
a qualitative study of adolescent survivors, Stinson et al. found that the adolescents 
expected cancer to have little impact on future sexual relationships, but parents in 
the same study worried that their child's history of cancer could impact future rela- 
tions [37]. Survivors often struggle with the disclosure of their cancer history with a 
new romantic partner, and this can be particularly stressful if they are concerned 
about their future fertility and its potential impact on forming a relationship [39]. 


How to Approach Cancer Survivors 


It is crucial that providers who are caring for survivors of childhood cancer obtain a 
thorough history to assess for any sexual functioning problems. Bolte et al. suggest 
using the Permission, Limited Information, Specific Suggestions, Intensive Therapy 
(PLISSIT) model when communicating with adolescent and young adult survivors 
about sexuality after cancer treatment [40, 41] (Table 10.4). Talking about sexuality 
and sexual functioning can be uncomfortable for providers but they may find gen- 
eral open-ended questions helpful in initiating the conversation. Using language 
such as “tell me what your friends are talking about with sex...what are you won- 
dering about..." can help providers quickly gauge where patients are developmen- 
tally and identify their concerns (see Table 10.4 for more suggestions). 

When referring to a urologist, providers should ensure the urologist is familiar 
with the context of the patient's health in terms of previous treatment by providing a 
thorough health history and risk for late effects, such as that provided in a Survivorship 
Healthcare Plan. Survivors may also benefit from a referral to psychology. 


Challenges and Future Directions 


Assessing the true incidence of sexual dysfunction is difficult. Many survivors 
transition to adult care which makes it difficult to ascertain the prevalence of late 
effects and the impact of late effects on the quality of life. Since these are not 
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Table 10.4 Using the PLISSIT model for communicating with male cancer survivors 


PLISSIT model 


Example question 


Permission: offering permission for sexual 
challenges to exist and permission to initiate 
discussion and legitimize concerns 


Some survivors experience sexual problems 
after cancer treatment. Is that something 
you would like to talk more about today? 


Limited information: address myths, reeducate 
patients about sexual health, provide resources 


You received radiation to your pelvis which 
can sometimes cause erectile dysfunction. 
Have you experienced this at all? 


Specific suggestions: individualize 
recommendations, avoid medical jargon 


Many people benefit from treatment with 
medication or other interventions. Are you 


interested in hearing more about treatment 
options today? 


Intensive therapy: provide opportunities for 
patients to express feelings of fear and 
frustration around changes in sexuality after 
cancer treatment 


Having erectile dysfunction can often be 
stressful and impact relationships. Would 
you like to see a counselor who specializes 
in this? 


problems often seen in the pediatric realm, many survivors are not aware that they 
might be at increased risk of developing sexual health problems. Ensuring that sur- 
vivors, especially as they transition to adult care, are aware of their risk and confi- 
dent in talking with a healthcare provider about sexual function will be important to 
empower them to receive the care they need. Educating adult providers about the 
risks for sexual dysfunction associated with cancer treatment in childhood and its 
long-lasting impact on health is always important. 
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Chapter 11 
Fertility Preservation in Patients 
with Disorders of Sex Development 


Courtney A. Finlayson 


Strides made in fertility preservation for cancer patients have inspired the expansion 
of the field of oncofertility to other medical conditions associated with infertility. 
One of the emerging areas is that of disorders of sex development (DSDs). 

DSDs are conditions in which there is incongruence in an individual's chromo- 
somal, gonadal, or phenotypic sex [1]. There are three main steps in sex develop- 
ment: establishment of chromosomal sex, determination of gonadal sex, and 
differentiation to phenotypic sex. Errors in meiosis or translocation of genetic mate- 
rial may result in sex chromosome DSDs. Abnormalities in transcription factors 
determining gonadal development into the testes or ovaries may lead to disorders of 
gonadal development. Finally, disorders of androgen synthesis, androgen excess, or 
androgen action account for most of the remaining DSDs [2]. 

DSDs are commonly thought of as conditions presenting with ambiguous geni- 
talia in an infant, but there are many other presentations as well. Children may pres- 
ent with premature virilization, adolescents with primary amenorrhea, or adults 
with infertility. Table 11.1 categorizes DSDs based on a consensus statement on 
intersex disorders and their management published in 2006 [2]. This landmark 
paper changed the approach to this group of patients. In the 50 preceding years, the 
"optimal gender policy" was followed, in which sex reassignment surgery was 
favored at a young age. It was thought that individuals were psychosexually neutral 
and that early surgery, without the knowledge of the patient, facilitated stable gen- 
der identity and appropriate gender role behavior [3]. Over time, doubt grew about 
this approach [4]. Patients treated according to the earlier approach grew up and 
began voicing discontent about the secrecy, the surgical outcomes, and the common 
terminology such as intersex and hermaphrodite. Molecular genetics was also 
advancing and changing the understanding of many of the conditions. These factors 
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Table 11.1 Categorization of disorders of sex development 


C.A. Finlayson 


Sex chromosome DSD 46,XY DSD 46,XX DSD 
Disorders of gonadal development 

45,X, 45,X/46,XX, Complete gonadal dysgenesis Ovotesticular DSD 
45,X/46,X Y Turner 

syndrome 

47,XYY Partial gonadal dysgenesis Testicular DSD 
Klinefelter syndrome 

45,X/46,XY Gonadal regression Gonadal dysgenesis 
Mixed gonadal 


dysgenesis, ovotesticular 
DSD 


46,XX/46,XY 


Chimeric, ovotesticular 
DSD 


Ovotesticular DSD 


Disorders of androgen synthesis 
or action 

Androgen biosynthesis defect 
(e.g., 5-alpha reductase 
deficiency) 


Disorders of androgen excess 


Fetal androgen excess (e.g., 
21-hydroxylase deficiency 
congenital adrenal hyperplasia) 


Defect in androgen action (e.g., 
complete androgen insensitivity 


Fetoplacental androgen excess 
(e.g., aromatase deficiency) 


or partial androgen insensitivity 
syndrome) 


LH receptor defects 
Others 
Cloacal exstrophy 


Maternal (e.g., luteoma) 


Cloacal exstrophy 


Disorders of anti-Mullerian 
hormone 


Vaginal atresia 


Severe hypospadias Mayer-Rokitansky-Kuster- 


Hauser syndrome 


led to the 2006 Consensus Statement that acknowledged the controversial issues in 
management and made recommendations about nomenclature, evaluation, and 
management and care for these patients as part of a multidisciplinary team includ- 
ing surgeons, endocrinologists, behavioral health experts, ethicists, and geneticists. 
There is increasing availability of such programs for patients with DSDs around the 
world. 

Nomenclature remains a controversial issue in this field, however. The 2006 
Consensus Statement modified the overarching terms of intersex and hermaphrodite 
to DSD in an effort to make the term less pejorative. Other terms, such as variation 
in sex development and difference in sex development, were also considered, but 
ultimately, DSD was chosen. Some affected individuals continue to prefer the term 
intersex, while others prefer DSD and yet others dislike both terms. Presumably, the 
words “disorder” and "sex" have negative connotations to some individuals, and 
there is anecdotal evidence to this end. There are few studies addressing this topic. 


11 Fertility Preservation in Patients with Disorders of Sex Development 173 


In a study of 19 affected individuals' parents and 25 providers, overall the term 
DSD was considered preferable to intersex [5]. The parents considered it a term 
which made it easier to understand their child's condition and to explain it to their 
child, but only 36.8 % reported DSD as an acceptable term to describe an individu- 
al's condition when it is not possible to assign sex at birth as a result of atypical 
genitalia. Conclusions to make from this study, however, are limited by sample size. 
In 2015, Lin-Su et al. reported results from a survey of 589 patients with congenital 
adrenal hyperplasia who are members of the CARES support group [6]. In this 
group, 71 % disliked or strongly disliked the DSD term. This study, however, is of a 
very specific diagnosis and support group; therefore, these results may not reflect 
those of the population as a whole. There have been no large-scale studies of indi- 
viduals and the medical community as a whole to determine whether a universally 
acceptable term may be found. The term DSD is used in this chapter as it is the cur- 
rently accepted medical terminology, but with the understanding that this is not the 
preferred term for many affected individuals. 

Medical, surgical, and psychosocial care is improving, but fertility preserva- 
tion has rarely been addressed despite the number of conditions associated with a 
fertility/sterility risk. The fertility concerns, however, are different from those 
faced in cancer patients. Fertility issues facing individuals with specific DSD 
diagnoses are shown in Table 11.2. First, some DSDs are associated with abnor- 
mal gonadal development resulting in streak gonads or dysgenetic testes and ova- 
ries [7]. This may result in gonadal failure from birth or progressive gonadal 
failure in childhood or adolescence. As such, the presence and quality of germs 
cells may vary, but we have no ability to assess numbers of germ cells at birth. 
Furthermore, the rate of failure of gonads differs within and between conditions. 
While there is uncertainty in the oncofertility patient as well, there is a known 
time for surgical resection of gonads or initiation of gonadotoxic chemotherapy 
which makes the care of DSD patients distinct. 

Second, the presence of abnormal gonads, specifically in 46,X Y DSDs, increases 
risk for development of gonadal tumors [8]. Screening of intra-abdominal gonads 
by radiology techniques is not sufficient to rule out tumor [9]. To prevent the devel- 
opment of cancer, gonadectomy has been recommended in most 46,X Y DSD condi- 
tions at the time of diagnosis, often in infancy or early childhood. However, this 
practice is changing and, increasingly, gonadal tumor risk is assessed for each spe- 
cific condition. A recent review by Abaci et al. estimated tumor risk for each DSD 
type. High-risk conditions included gonadal dysgenesis with intra-abdominal 
gonad, 15-35% risk, and PAIS with non-scrotal gonad, 50%. Intermediate risk 
included Turner syndrome with Y chromosome, 12%; PAIS with scrotal gonad, 
unknown risk; and gonadal dysgenesis with scrotal gonad, unknown risk. Low-risk 
conditions were CAIS and ovotesticular DSD [10]. Thus, there is evidence that in 
some conditions, gonadectomy should be performed at diagnosis, whereas in oth- 
ers, it may be safe to delay [11]. One reason for delaying gonadectomy may be to 
preserve the possibility for biological fertility. The consideration of gonadectomy is 
a challenging one for most patients and families and is often considered in infancy 
through adolescence. 


174 


Table 11.2 Fertility issues by DSD diagnosis 
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Category | Disorder 


Karyotype 


Fertility issues 


Malignancy 
concern 


Common 
discordance 
between 
gender 
identity and 
gonadal 
type 


Sex chromosome DSD 


Turner 45,X Premature ovarian Yes, if Y No 
syndrome 45,X/A6,XX | failure, streak chromosome 
45,X/46,XY gonads material 

Klinefelter 47,XXY Testicular failure No No 
syndrome 
Mixed 45,X/A6,XY | Gonadal failure Yes Yes 
gonadal 
dysgenesis 

46,XY DSD 
Complete or | 46,XY Potential streak Yes Yes 
partial gonads or gonadal 
gonadal failure 
dysgenesis 
(e.g., SRY, 
SOX9) 


Ovotesticular | 46,XY Potential streak Yes Yes 
DSD gonads or gonadal 

failure 
LH receptor | 46,XY Testes slightly No No 
mutations reduced in size but 

mature Leydig cells 

absent/scarce 

(Leydig cell 

hypoplasia) 
5-alpha 46,XY Oligospermia, No Yes 
reductase azoospermia 
deficiency 


Complete 46,XY Not much Yes Yes 
androgen evidence, suspect 

insensitivity azoospermia or 

syndrome oligospermia 

Partial 46,XY Not much Yes Yes 
androgen evidence, suspect 

insensitivity azoospermia or 

syndrome oligospermia 
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Table 11.2 (continued) 


Common 
discordance 
between 
gender 
identity and 
Malignancy gonadal 
Category | Disorder Karyotype Fertility issues concern type 
Persistent 46,XY Maybe (if Possibly No 
Mullerian prolonged (cryptorchidism 
duct cryptorchidism or or of Mullerian 
syndrome anatomic remnants) 
obstruction) but 
likely normal 
sperm production 
46,XX DSD 
Gonadal 46,XX Potential streak Yes Yes 
dysgenesis gonads or gonadal 
failure 
Ovotesticular | 46,XX Potential streak Possibly Yes 
DSD gonads or gonadal 
failure 
Testicular 46,XX Potential infertility | Possibly No 
DSD (SRY+, 
dup SOX9) 
Congenital 46,XX Often due to No No 
adrenal anovulation, but 
hyperplasia treated medically 
with success 
Aromatase 46,XX Hypergonadotropic | No Yes 
deficiency hypogonadism 


Third, due to the nature of disorders of sex development, the gonads and germ 
cells may not match the patient's gender identity. In complete androgen insensitivity 
syndrome, for example, patients have a 46,XY karyotype and gonads are testicles, 
but due to mutations in the gene encoding the androgen receptor, the body is unable 
to respond to androgen. Thus, internally the individual has testes, Wolffian struc- 
tures, and no Mullerian structures, but externally the genitalia appear completely 
female with a blind-ending vagina. The vast majority of the individuals have a 
female gender identity. There is a risk of gonadoblastoma; thus, many undergo 
gonadectomy, which may be done at any age, but increasingly is performed after 
puberty. If fertility preservation options were to be considered, this would involve 
preservation of sperm for an individual who otherwise identifies, appears, and is a 
woman. 

In two conditions, Turner syndrome and Klinefelter syndrome, fertility preserva- 
tion has begun to gain some momentum. Spontaneous fertility in Turner syndrome 
is rare, estimated at about 2—5 % [12]. There is an accelerated loss of oocytes from 
the ovaries after the 18th week of fetal life or over a few postnatal months or years 
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such that most have lost all of their germ cells before completing puberty [12]. 
Parenting options for women with Turner syndrome historically focused on adop- 
tion, but increasingly there is emphasis on expanding biological options. These have 
included heterologous in vitro fertilization with ovum donation or homologous IVF 
with embryo transfer resulting in live births in women with Turner syndrome. Other 
modalities are considered, but have not yet resulted in live births. This includes 
homologous IVF with oocyte cryopreservation, which is scientifically possible at 
this time, and ovarian tissue cryopreservation from prepubertal individuals, which 
remains experimental [13]. Controversy has arisen about women with Turner syn- 
drome carrying pregnancies because their risk of morbidity is much higher than for 
women without Turner syndrome [14]. Of primary concern is the increased risk of 
circulatory complications such as aortic dissection. The American Society for 
Reproductive Medicine has stated that Turner syndrome is a relative contraindication 
to pregnancy and that in a patient with Turner syndrome and a documented cardiac 
anomaly, Turner syndrome is an absolute contraindication to pregnancy [15]. Thus, 
patients with Turner syndrome are advised to use a gestational carrier for the term 
of their pregnancy. 

Classical Klinefelter syndrome is characterized by germ cell regression which 
begins in utero, accelerating during spontaneous puberty leading to testicular fibro- 
sis and hyalinization of the seminiferous tubules and hyperplasia of the interstitium 
in late adolescence and adults [16]. Often, pubertal development is incomplete and 
testosterone production fails during this period. Additionally, it usually leads to 
infertility. Many men are azoospermic, but successful assisted reproduction in adult 
men with Klinefelter syndrome has been achieved by testicular sperm extraction 
followed by ICSI. It has been suggested that cryopreservation of spermatozoa might 
be best achieved early in adolescence. This has proven difficult as age and rate of 
pubertal maturation vary, as does ability of an adolescent boy to produce ejaculate 
with masturbation [16]. Studies of testicular tissue in 13—16-year-old boys with 
Klinefelter syndrome showed massive fibrosis and hyalinization and only showed 
tubular spermatogonia in the youngest patient suggesting that testicular tissue cryo- 
preservation is most likely to be successful at younger ages [17]. 

Infertility and sterility is clearly a risk and a complicated issue for individuals 
with DSDs and their parents, who may make decisions before a child is mature 
enough to participate in that process. It is presumed that these are important consid- 
erations, but there is no clear understanding of the DSD community's views of fer- 
tility as the issue has not been comprehensively studied [18, 19]. A better appreciation 
of the views of the affected individuals is necessary to guide the field. Working on 
the assumption that some individuals with DSDs will desire fertility preservation, 
there are many more questions that arise. Which patients with DSD conditions are 
likely to benefit, and when this should be offered for optimal chances of preserva- 
tion? Again, there is little to no evidence about the presence and quality of germ 
cells in patients with DSDs, and this requires evaluation. Should a surgical proce- 
dure and its associated risks should be undertaken in an otherwise healthy child for 
cryopreservation of tissue, when this procedure remains experimental? Whereas 
some DSD patients may be undergoing gonadectomy during which fertility 
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preservation techniques can be done simultaneously, others may not. In traditional 
45,X or 45,X/45,XX mosaic Turner syndrome, for example, there is progressive 
loss of germ cells, but no indication for gonadectomy. Should parents have the 
option to choose that surgery be undertaken in early childhood because more germ 
cells are present for preservation? In Turner syndrome, with a higher risk of 
pregnancy-associated morbidity, should efforts for fertility preservation be pur- 
sued? As gender identity may not match an individual's gonads and potential pro- 
duction of sperm versus ova, how does this affect considerations of fertility 
preservation? If a parent acts as the proxy for the child in fertility preservation 
decision-making, how is responsibility for preservation and ownership of the repro- 
ductive material delineated? Many DSDs are caused by genetic mutations; thus, 
there is a risk of offspring inheriting the same condition. How should this affect 
decisions about fertility preservation, and how should preimplantation genetics be 
employed in these cases? There are many complicated questions facing the field of 
fertility preservation for DSD patients. Future research efforts must address these 
questions to better serve this patient population. 
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Introduction 


Recent events have demonstrated increasing media attention to the issue of trans- 
gender individuals. The Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) changed the nomenclature for transgender individuals from gender 
identity disorder to gender dysphoria in 2013. Gender dysphoria refers to the psy- 
chological distress encountered in persons whose gender at birth is contrary to the 
one they identify with. The psychiatric focus is on the distress experienced due to 
the incongruence between assigned and affirmed gender, and current evidence 
supports that gender affirming therapy greatly improves outcomes [1]. The 
American Psychiatric Association further states that such individuals should be 
able to obtain care without fear of discrimination and that treatment options for 
this condition include counseling, cross-sex hormones, gender reassignment sur- 
gery, and social and legal transition to the desired sex [1]. In 2009, the Endocrine 
Society along with the Pediatric Endocrine Society, World Professional 
Association for Transgender Health (WPATH), European Society of Endocrinology, 
and the European Society for Pediatric Endocrinology published the “Endocrine 
treatment of transsexual persons: an Endocrine Society clinical practice guide- 
line" [2]. These groups and the guidelines support the use of “cross-sex” hor- 
mones to further the gender affirming process and recommend counseling 
regarding fertility and options for fertility preservation, as cross-sex hormone 
therapy may impair future fertility. 


Nomenclature 


Although this chapter is titled "Fertility Preservation in Patients with Gender 
Dysphoria;" the information and concepts presented herein apply to the spectrum of 
individuals who exhibit gender variance and desire medical interventions to facili- 
tate transition to a gender other than the one assigned at birth. As mentioned above, 
these medical interventions include pubertal suppression, cross-gender hormone 
therapy, and gonadectomy, all of which have the potential to affect future fertility. 
For consistency in this chapter, the authors have chosen to use the terms "trans," 
"trans-woman," and "trans-man." However, a much larger range of terminology is 
applicable and relevant to the mental and physical health of individuals with gender 
variance, many of whom may pursue medical interventions which have the potential 
to affect fertility in the future. 

The authors recognize that terminology related to the transgender experience is 
in evolution, and aim to provide some basic information about relevant nomencla- 
ture. It is important to note that some of the terms used may be offensive to some 
individuals, while preferable to others. Additionally, there have been recent shifts in 
language use that may not be fully reflected in the terms defined in this chapter. 
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However, assembling the non-exhaustive list below was thought to be important to 
provide clarity and context for the remainder of the chapter: 


Sex vs. gender 


Sex — Anatomy of a person's reproductive system and secondary sex 
characteristics. 
Gender — Social roles based on sex, typically culturally based. 


Gender-related terms 


Biological sex/natal sex — Sex assigned at birth, based on both anatomy and 
chromosomes. 

Gender identitylaffirmed gender — An individual's internal sense of their! own 
gender, may it be male, female, or another gender. May not be aligned with 
biological/natal sex. 

Gender expression — Physical manifestation of an individual's gender identity 
(e.g., clothing, mannerisms, pronouns, chosen name). 

Gender role — Societal norms regarding how men and women should think, 
behave, speak, and dress. 

Gender variance, gender nonconforming — Closely related terms describing 
behavior not conforming to socially defined male or female norms (e.g., dress, 
activities) based on sex. 


Gender identity 


Cisgender — Individuals for whom internal gender identity agrees with their anat- 
omy and the gender they were assigned at birth. 

Transgender, trans — A person whose gender identity does not match their anat- 
omy and gender assigned at birth. Often also abbreviated as trans* to empha- 
size the range of individuals who do not identify as a traditional cisgender 
man or woman. 

Transsexual — A person who has the strong desire to assume the physical charac- 
teristics and gender role of the opposite sex. This term has a more binary 
connotation than transgender and has been viewed somewhat negatively in 
recent years, and thus is being used less often than terms such as transgender, 
and trans. 

Trans-woman, male-to-female (MTF) transgender — Individuals with a male 
natal gender, but female gender identity. For this chapter, the authors have 
chosen the term trans-woman, as it affirms the individual's gender 
identity. 

Trans-man, female-to-male (FTM) transgender — Individuals with a female natal 
gender, but male gender identity. For this chapter, the authors have chosen the 
term trans-man, as it affirms the individual's gender identity. 


! Intentionally grammatically incorrect to avoid using binary gender-based terminology. 
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Genderqueer — Individuals who identify with both male and female genders, or 
who identify with neither gender. 
Gender fluid — A dynamic mix between male and female gender identities. 


Other helpful terminology 


Gender dysphoria— The DSM-V diagnosis used by medical and mental health 
professionals to describe psychological distress caused by discontent with 
one's natal sex. Gender identity disorder (GID) was the terminology previ- 
ously used by the DSM-IV and has largely been abandoned. 

Transitioning — The process of physically and permanently changing external 
gender presentation to align with one's internal gender identity. Genital sur- 
gery is not a requirement. 

Sexual orientation — Pattern of romantic or sexual attraction; separate from gen- 
der identity and gender expression. For example, a trans-man is not necessarily 
romantically attracted only to women. Traditional categories include hetero- 
sexual, homosexual, and bisexual. Newer classifications include asexual, 
polysexual, and pansexual. 


Current Treatment Guidelines 
Psychological Evaluation 


Itis essential that individuals with GD be evaluated and managed by a mental health 
provider with experience in order to assess whether they indeed qualify for the diag- 
nosis as well as evaluate for confounding psychological factors. The mental health 
provider may also provide psychotherapy and evaluate for psychological readiness 
for medical interventions such as puberty blockers and/or cross-sex hormones. 
Persons with GD are at high risk of adverse mental health including anxiety, depres- 
sion, self-harm and suicide, poor school performance, and drug and alcohol abuse 
[3]. Thus, ideally a mental health provider will continue to evaluate and support the 
individual during social and biological transition. 


Puberty Suppression 


Some children with GD experience increasing distress during puberty as their body 
begins to change. The Endocrine Society Guidelines supports the use of puberty 
blockers starting when the child reaches Tanner 2 stage (breast budding in natal girls 
and testicular volume of 4 cc in natal boys) [2]. The mental health provider needs to 
assess whether the patient meets medical eligibility and provides a letter of support 
for the pediatric endocrinologist or gynecologist to begin puberty blockers. Such 
treatment not only addresses the mental distress of the child but also prevents 
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secondary sexual characteristics from developing which may later be difficult to 
alter, such as the Adam's apple or large breasts. In general, puberty suppression is 
usually achieved with gonadotropin-releasing hormone (GnRH) agonists such as a 
histrelin rod or Depo-Lupron. 


Cross-Sex Hormones 


Regardless of whether puberty suppression was undertaken, the Endocrine Society 
Guidelines support initiation of cross-sex hormones around the age of 16 years. 
Individuals considering cross-sex hormones need to be counseled extensively 
regarding the expected results of feminizing/masculinizing medications and their 
possible adverse health effects. Such a discussion should include the effects on fer- 
tility and options for fertility preservation, as cross-sex hormone therapy may impair 
future fertility. In addition, prior to initiation of cross-sex hormone therapy, the 
WPATH recommends that a qualified mental health professional should provide 
documentation (such as a referral letter) of the patient's personal and treatment his- 
tory, eligibility, and need for cross-sex hormone. 


Testosterone Treatment for Trans-boys and Trans-men 


Testosterone is recommended to achieve the desired masculinization of a natal 
female with gender dysphoria. In cases where an adolescent has received puberty 
suppression, it is given in low doses and increased slowly (as done with induction of 
puberty). In both prepubertal and postpubertal individuals, testosterone is generally 
administered subcutaneously or intramuscularly every 1—2 weeks at the lowest dose 
needed to maintain the desired clinical result and levels within normal male physio- 
logic levels (320-1000 ng/dl) [4]. This requires discussion prior to initiation not only 
of the risks of masculinizing hormone therapy but also of the timing of development 
of the desired effects, so the patient has reasonable expectations. Monitoring for 
adverse effects includes both clinical and laboratory evaluation specific to the risks 
of hormone therapy and the patient's individual risks/comorbidities [5]. The most 
concerning morbidity noted in trans-men is polycythemia which can be treated with 
reduction of the testosterone and/or phlebotomy with blood donation. 


Estrogen Treatment for Trans-girls and Trans-women 


Hormone therapy for adolescents desiring feminizing therapy is more complex, with 
most clinical studies reporting the concurrent use of antiandrogens with estrogen 
therapy if the patient has not undergone puberty suppression [6]. Puberty induction, 
in suppressed individuals, may be undertaken with oral estrogen as well as transder- 
mal (patch) and parenteral formulations. While the inherent risk of VTE within the 
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adolescent population is less than in adults, transdermal preparations may offer an 
advantage by lowering these risks [3]. Following puberty induction, serum estradiol 
should be maintained at premenopausal levels («200 pg/ml), and testosterone should 
be in the physiologic female range («55 ng/dl). In individuals who have experienced 
puberty, this treatment may require high doses of estradiol (2-6 mg) as well as andro- 
gen blockers such as spironolactone. As with testosterone therapy, regular clinical 
and laboratory assessment should be performed to monitor for adverse effects. 


Cross-Sex Hormones Effect on Fertility 


Estrogen and Fertility in Trans-women 


Although some estrogen is necessary for spermatogenesis, an overabundance of 
estrogen can be detrimental to fertility. Specific data regarding the effect of exoge- 
nous estrogen on sperm production in trans-women are lacking. However, data from 
animal studies, human epidemiologic studies, and studies related to the effect of 
Obesity on human male reproductive function are relevant to trans-women who may 
desire biological children in the future. 


Animal Data 


There is a large body of literature demonstrating reduced fertility parameters and 
alterations in genital anatomy in male rodents exposed to estrogenic compounds in 
utero. Of more relevance to the trans-women who may begin estrogen supplementa- 
tion during adolescence or adulthood, several studies of adult rodents have explored 
the impact of exogenous estrogens on multiple different measures of fertility poten- 
tial. For example, increasing doses of exogenous estrogens have been associated 
with alteration in sperm counts and motility [7], testicular histology [8], and epi- 
didymal sperm content [9] in adult male rats. High doses of exogenous estrogens 
administered to adult male rats have also been associated with lower fertility rates, 
as measured by litter size [7—9]; one study even demonstrated a complete loss of 
potency at the highest dose of an estrogen receptor-a agonist [8]. Reversibility of 
the effects of estrogen on testicular histology has been demonstrated, suggesting 
that the effects of estrogen on fertility potential may not be permanent [9]. 


Evidence in Humans 
Environmental Estrogens 
In addition to the animal data, concern has existed for many years that environmen- 


tal estrogens may be contributing impairments in male reproductive health and 
functioning, including an increase in male factor infertility [10]. To a great extent, 
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concern regarding the effects of environmental estrogens on male fertility is a result 
of studies evaluating the link between in utero diethylstilbestrol (DES) exposure 
and adult male infertility. Although there have been several studies suggesting a link 
between fetal DES exposure and reduced adult semen parameters, the data are far 
from definitive [11]. Similarly, concern exists that exposure to endocrine disruptors 
with estrogenic properties such as phthalates, polychlorinated biphenyls (PCBs), 
and bisphenol A (BPA) may be associated with male infertility [12], although clear 
causality has not been established. 

A few studies have attempted to link environmental endocrine disrupters to male 
factor infertility. For example, one Argentinian study demonstrated an association 
between exposure to pesticides and solvents (as measured by self-report) and lower 
semen parameters [13]. In that study, pesticide exposure was also associated with 
higher serum estrogen concentrations and lower luteinizing hormone concentrations 
compared with men not exposed to pesticides [13]. This suggests that any effect of 
chemical exposure on fertility may be at least partially hormonally mediated. 

In a study of men presenting to an infertility clinic in India, infertile men were 
found to have detectable PCBs in their seminal plasma, whereas normal controls 
were not [14]. Seminal plasma phthalates were also found to be higher in infertile 
men compared with controls [14]. Not surprisingly, total motile sperm count was 
lower in the infertile men as well, although a causal relationship between estrogenic 
chemicals and fertility was only suggested, not proven, by this investigation. 


Elevated Estrogen in Obese Men 


Obesity has been associated with male infertility, and the mechanisms are likely 
multifactorial. In addition to hormonal abnormalities, obesity is also associated with 
erectile dysfunction and increased intrascrotal temperatures, all of which can cause 
difficulties with fertility [15]. From an endocrinologic standpoint, increasing BMI 
is associated with both infertility and hormonal derangements including low testos- 
terone, elevated estradiol, and low inhibin B levels [16]. Additionally, semen param- 
eters have been found to be altered in some studies of infertile obese men, although 
results have been inconsistent [15—17]. 

The exact relationship between hormonal profiles and semen parameters and 
paternity among obese men remains to be fully elucidated. A decreased serum tes- 
tosterone to estradiol ratio has also been associated with infertility in a subset of 
men presenting with this complaint regardless of BMI, again suggesting that ele- 
vated estradiol can have a detrimental effect on fertility [18]. However, the relative 
contribution of elevated estrogen to fertility has not been determined. 


Summary 


* Although low levels of estrogen are necessary for male fertility, higher levels of 
exogenous estrogen administration appear to have a detrimental effect on the 
fertility potential of male gametes, as supported by both rodent data and human 
clinical and epidemiologic studies. 
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* The negative effects of estrogen on the testis appear to be at least partially 
reversible. 

* Threshold levels for the amount and duration of exogenous estrogen exposure 
necessary to have a negative effect on fertility have yet to be established. 


Testosterone and Fertility in Trans-men 


Analogous to the role estrogen plays in male fertility, some testosterone is necessary 
for normal reproductive functioning in women. Also similar to the effect of estrogen 
on testicular function, exogenous testosterone can cause negative effects on ovarian 
function leading to fertility problems. However, there is a paucity of data specifi- 
cally examining the effects of testosterone on future fertility on trans-men. Reviewed 
below, relevant animal data do exist, and information regarding the effects of ele- 
vated testosterone in women with polycystic ovarian syndrome (PCOS) may also be 
extrapolated to trans-men who use exogenous testosterone. 


Animal Data 


Data from animal studies has established that supraphysiologic androgen levels 
have a negative effect on the ovary. For example, exogenous testosterone adminis- 
tration has been associated with reduced ovarian weight in both adult female rats 
[19] and homing pigeons [20]. Suggested mechanisms include delayed follicular 
maturation [20] and follicular atresia potentially due to an antiestrogenic effect of 
testosterone [19]. Administration of a potent androgen, didehydroepiandrosterone 
(DHEA) to adult female rats has also been associated with follicular atresia [21 ]. 
Additionally, DHEA administration may cause local ovarian testosterone produc- 
tion and inflammation, leading to reductions in fertility potential [21 ]. 


Evidence in Humans 
PCOS Data 


PCOS is characterized by endocrine and reproductive dysfunction. Women with 
PCOS have manifestations of hyperandrogenism including challenges with fertility. 
In addition to elevated androgens, other endocrine abnormalities are also present, 
including elevated levels of insulin, inhibin B, and luteinizing hormone [22]. 
Through a multifactorial pathway, folliculogenesis is impaired, potentially due to a 
delay or arrest in follicular maturation [22, 23]. Although androgens certainly play 
a role in PCOS-related ovarian dysfunction, infertility related to PCOS is not solely 
due to androgen effects. One key factor associated with infertility in women with 
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PCOS may be the estradiol-to-testosterone ratio, with lower ratios being associated 
with anovulation [24]. 


Reports of Pregnancy in Trans-men 


Despite the evidence from human and animal data, pregnancy (as documented by 
self-report) has been reported in trans-men who have previously used testosterone 
[25, 26]. This suggests that the effects of testosterone (at the doses typically used by 
trans-men) on ovarian function are incomplete and/or at least partially reversible. 


Summary 


* Low levels of testosterone are necessary for female fertility, although higher lev- 
els are associated with changes in ovarian histology and function that can lead to 
infertility. 

* The effects of exogenous testosterone on the ovaries do not cause sterility, as 
pregnancies have been reported in trans-men who have previously used 
testosterone. 

* Threshold levels for the amount and duration of exogenous testosterone expo- 
sure necessary to have a negative effect on fertility have yet to be established. 


Ethics of Fertility Preservation Options for Trans-individuals 


Because of the potential effects of treatment on fertility, loss of reproductive poten- 
tial has long been viewed as an inexorable consequence to transition [27]. It was not 
until 2001 that the Endocrine Society explicitly stated that reproductive issues need 
to be discussed prior to the initiation of treatment. Furthermore, the American 
Academy of Child and Adolescent Psychiatry has maintained that there has been no 
credible evidence that shows that a parent's sexual orientation or gender identity 
will adversely affect the development of offspring, further supporting the need to 
discuss the reproductive needs of transgender individuals and their potential as par- 
ents [28]. 

Current established methods of fertility preservation include sperm, oocyte, and 
embryo cryopreservation, all of which have been considered standard of care for 
patients receiving gonadotoxic therapy [29]. It is reasonable to extend this standard 
to trans-men and trans-women receiving cross-gender hormones. Informed consent 
to access assisted reproductive technology poses further ethical questions in the 
adolescent population, as they are still considered minors. However, research on 
cognition and capacity suggests that adolescents show significant ability to provide 
informed consent, suggesting that content and wording of informed consent forms 
for adolescents should resemble those used with adults [30]. The American 
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Academy of Pediatrics state that children and adolescents need to be involved in 
decisions involving their health care in a developmentally appropriate manner [31]. 
This includes obtaining parental consent in matters involving adolescents as well as 
obtaining assent in minors who are able to understand the choices presented prior to 
treatment. 

Experimental procedures such as ovarian or testicular cryopreservation may be 
reasonable to perform in adult trans-individuals in research settings with institu- 
tional review board (IRB) oversight [29]. Their use in the transgender adolescent 
population, however, is precluded by current WPATH recommendations not to per- 
form irreversible surgery in trans-adolescents as well as the current paucity of data 
regarding the actual risk of gonadal toxicity of these treatments. 


Fertility Preservation Options Prior to Initiation of Cross-Sex 
Hormones 


Trans-women 


Trans-women who have undergone male puberty prior to initiating estrogen ther- 
apy may opt for fertility preservation through sperm cryopreservation. Sperm 
cryopreservation was first reported in 1953 by Bunge and Sherman and has since 
become the most widely used method of fertility preservation for men faced with 
fertility challenges [32]. This can be easily accomplished at sperm-banking facili- 
ties, with sperm classically obtained through masturbation [33]. In cases in which 
sperm is not possible to be obtained through ejaculation, surgical techniques also 
exist that may retrieve sperm for cryopreservation including testicular sperm aspi- 
ration (TESA), percutaneous sperm aspiration (PESA), and testicular sperm 
extraction (TESE). Please refer to Chap. 7 for a detailed discussion of these 
options. 


Trans-men 


Trans-men who have undergone female puberty can choose to preserve fertility 
through embryo cryopreservation or oocyte cryopreservation. The success of 
embryo cryopreservation in achieving viable pregnancies has long been docu- 
mented. Furthermore, oocyte cryopreservation has improved dramatically over the 
past decade so much so that it is currently recommended by the American Society 
for Reproductive Medicine for patients undergoing chemotherapy or other poten- 
tially gonadotoxic therapies [34]. Both methods are discussed in detail in Chap. 6. 
It is important to note that while pregnancies resulting from assisted reproductive 
technology have been reported in trans-men undergoing testosterone therapy, there 
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is still no available data about pregnancies in trans-men achieved using cryopre- 
served oocytes obtained prior to initiating testosterone [25]. There has, however, 
been a case report of a transgender male undergoing ovarian stimulation and subse- 
quent oocyte retrieval and cryopreservation before initiating androgen therapy [35]. 

Ovarian tissue cryopreservation is currently an experimental option, but one that 
possibly carries the most potential and has been offered to women undergoing che- 
motherapy [36]. Ovarian tissue cryopreservation does not require hormonal stimu- 
lation; however, as previously discussed, this is not recommended for transgender 
adolescents given the irreversibility of oophorectomy. 


Special Considerations 


Fertility Preservation After Puberty Suppression 


Fertility preservation after puberty suppression presents unique issues as the gonads 
(both testes and ovary) have not matured at Tanner stage 2, which is when the 
Endocrine Society recommends starting puberty suppression. There have been 
reports of successful sperm retrieval either by electroejaculation or testicular sperm 
extraction in adolescents scheduled to undergo gonadotoxic therapy for malignancy; 
however, successful extraction was documented only in adolescents with at least 
Tanner stage 3 development [37]. Ovulation induction in adolescents also presents 
a similar challenge, with only one case report of successful ovarian stimulation and 
oocyte retrieval on a premenarcheal natal female with Tanner stage 3 breast devel- 
opment and Tanner stage 1 pubic hair [38]. 

To circumvent this, the Endocrine Society Guidelines recommendis fertility pre- 
serving measures to be performed after cessation of gonadotropin suppression but 
prior to cross-gender hormone treatment [2]. Pubertal suppression with GnRH ana- 
logues is reversible and should not prevent resumption of pubertal development 
upon cessation of treatment; however, patients need to be counseled that there is no 
data in this population concerning the time required for sufficient spermatogenesis 
or for resumption of ovulation following pubertal suppression [39]. Furthermore, 
cessation of suppression without subsequent cross-gender hormone therapy may 
result in irreversible and undesirable sex characteristics, depending on the length 
treatment 1s to be withheld [2]. 


Fertility Preservation Options at Time of Gonadectomy 


Currently in the United States, there are several investigational protocols for ovarian 
or testicular tissue freezing in young men and women whose fertility is threatened 
by needed cancer therapy. These involve removal of a portion or the entire gonad 
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with cryopreservation of the tissue for possible thawing and future use. These pro- 
cedures are discussed in Chaps. 6 and 7. The American Society of Clinical Oncology 
currently recommends that these procedures be performed under institutional review 
board oversight as they are experimental [39]. As discussed above the Endocrine 
Society Guidelines state that it is reasonable to perform gonadectomy after age 18 
as part of gender-affirming surgery in transgender adolescents and adults, and at this 
time tissue freezing under IRB protocol could be considered [2]. Most patients 
undergo surgery after they have initiated hormonal therapy, and thus their gonadal 
function may already be affected. This highlights the need for all transgender indi- 
viduals to be informed and counseled regarding options for fertility prior to medical 
or surgical treatment. 


Future Research Priorities 


The field of oncofertility has heightened awareness about fertility concerns in oncol- 
ogy patients; however, the application of fertility preservation in transgender medi- 
cine is just emerging. While we know that prolonged use of cross-sex hormones can 
have negative effects on both ovarian and testicular function, there is no data exam- 
ining the amount and duration of exposure that guarantees infertility in both trans- 
men and trans-women. Establishing the extent of gonadotoxicity of cross-gender 
hormone therapy would allow clinicians to better inform their patients about their 
options for fertility preservation and future. Furthermore, puberty suppression raises 
the possibility of ovulation induction and sperm extraction in adolescents who may 
be in mid- or late adolescence but very early in their pubertal development [37, 38]. 
Further research is needed to ascertain the safety of these interventions in children 
who are in Tanner stages 2-3. 


Conclusion 

Advances in the field of oncofertility have opened doors to fertility preservation 
in other populations, including transgender kids and adolescents. However, this 
population presents its own unique set of challenges because of the early timing 
of puberty suppression and the unknown extent of cross-gender hormone 
gonadotoxicity. Furthermore, while there is available data on the views of both 
parents and children regarding fertility preservation in the setting of cancer, 
there is little to no literature describing the attitudes of transgender kids and 
adolescents regarding their potential for future childbearing [40]. Nevertheless, 
all transgender individuals need to be informed and counseled regarding their 
options for fertility prior to initiation of puberty suppression or cross-gender 
hormones. 
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Chapter 13 
The Importance of Disclosure for Sexual 
Minorities in Oncofertility Cases 


Christina Tamargo, Gwen Quinn, Matthew B. Schabath, and 
Susan T. Vadaparampil 


Laura 33 years old, is seeing oncologist Dr. Smith to discuss 
results of her recent biopsy. Dr. Smith has reviewed Laura's 
social and medical history, which includes a previous benign 
biopsy for testicular cancer and says, "Your name is Laura? 
That's an unusual name for guy?" The patient responds, "I 
identify as female and chose the name Laura." Dr. Smith, 
uncertain of how to respond, proceeds to explain the cancer 
diagnosis. "You have colorectal cancer and your treatment will 
include both alkylating agents and radiation. This type of 
treatment can render you sterile but that is probably not a 
concern with folks like you. "Laura responds, "Why would you 
say that? I've always wanted to have children." Dr. Smith, still 
uncertain how to address his patient says "I'm going to call my 
nurse in here to talk to you, her son is gay and she knows more 
about this stuff than I do." Laura, reeling from the cancer 
diagnosis is crying and says with anger "I'm not gay, I'm 
transgender, and I am still a human being." 
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FP Fertility preservation 

IOM Institute of Medicine 

LGBTQ Lesbian, gay, bisexual, transsexual/transgender, queer/questioning 
NCCN National Comprehensive Cancer Network 

QoL Quality of life 


Overview 


The lesbian, gay, bisexual, transsexual/transgender, and queer/questioning (LGBTQ) 
population is an understudied and underserved population often referred to as sex- 
ual minorities [1]. The labels “lesbian, gay, and bisexual” refer to sexual orientation 
[2, 3]. The terms “transsexual” and “transgender” refer to gender identities where an 
individual does not identify with the sex assigned to him or her at birth (i.e., biologi- 
cal sex) [2, 3]. The labels “queer” and “questioning” may be used to refer to either 
sexual orientation or gender identity [4, 5]. There are several other terms associated 
with this community (e.g., “gender fluid, genderqueer, two-spirit") as well as 
nomenclature used within these groups that is typically not acceptable to be used by 
nonmembers (e.g., dyke) [6, 7]. It is estimated that 3-12 % of the United States 
population identifies as gay, lesbian, or bisexual and 1—3 % are transgender [8]. 
Each of the subpopulations under the term sexual minorities is likely to be 
unique, with varied health risk factors, communication preferences, and medical 
and social histories [4, 9]. It is common for all LGBTQ communities to perceive 
discrimination and lack of acceptance by society in general and in the healthcare 
setting in particular [4]. Several recent studies have identified that LGBTQ patients 
avoid preventive healthcare due to fear of perceived discrimination or because they 
cannot find an LGBTQ-friendly provider [1, 10-16]. LGBTQ individuals experi- 
ence a variety of health disparities including higher rates of suicide attempts, higher 
prevalence of mental health issues, and increased risk for certain cancers [17—22]. 


LGBTQ Populations and Cancer 


Because LGBTQ status is not collected in national surveys and registries [23], at 
present there are limited published data on cancer rates in LGBTQ populations [19, 
24, 25]. As such, the cancer burden among the community is not known despite 
researchers utilizing novel approaches to estimate prevalence, density, incidence, 
and mortality of cancer among sexual minorities [26—29]. A recent review by Quinn 
et al. [19] synthesized the current literature on seven cancer sites that may dispro- 
portionately affect LGBTQ populations, specifically cancers of the anus, breast, 
uterine cervix, colon, endometrium, lung, and prostate. The authors noted that can- 
cer health disparities in the LGBTQ community are likely attributed to multiple 
factors including social and economic factors, lower rates of access to healthcare 
and screening, and higher rates of risk factors and deleterious behaviors [19]. 
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Disclosure of Gender Identify and Sexual Orientation 
in Healthcare 


The increased risks for cancer associated with LGBTQ individuals are further exac- 
erbated by nondisclosure of gender identity and sexual orientation by patients and 
failure to inquire by providers, which can lead to failure to screen, diagnose, or treat 
important medical problems [30-36]. The American Academy of Pediatrics, the 
American Medical Association, and the Society for Adolescent Health and Medicine 
all recommend providers discuss sexuality with all adolescents and offer nonjudg- 
mental communication about sexual orientation [33, 37-39]. Patient disclosure of 
sexual orientation is associated with increased patient satisfaction and improved 
quality of care [33]. The majority of studies on LGBTQ disclosure have focused on 
older adults. Quinn et al. [40] surveyed 632 LGBTQ individuals, with a mean age 
of 58, about experiences with healthcare providers and reported 67% always or 
often disclosed their status to their provider. Further, less than 10 % had ever expe- 
rienced discrimination in a healthcare setting [40]. In a study of 291 LGBT patients 
with cancer, with a mean age of 62, 79 % reported disclosing their identity to their 
cancer provider; 34 % reported making this disclosure to correct a heteronormative 
assumption [32]. 

Very little is known about LGBTQ youth, especially those with cancer and their 
healthcare experiences [19, 24, 25, 33, 41—43]. The limited data that are available 
suggest younger sexual minorities may be less likely to disclose their sexual orien- 
tation or gender identity preferences to a healthcare provider [9]. A study of LGBTQ 
18- to 23-year-olds without cancer found only 13 96 had disclosed to a provider [33]. 
This finding is particularly important given the documented reproductive health 
needs and concerns regarding infertility and fertility experienced by adolescent and 
young adult (AYA) oncology patients [44—52]. The vast majority of studies focused 
on AYA concerns in these areas have not included assessments of sexual orientation 
and/or gender identity. The remainder of this chapter provides an overview of the 
potential unique concerns related to fertility. 


Discussion of Fertility Considerations for LGBTQ AYA 
Cancer Patients 


AYAs with cancer may experience permanent or temporary infertility [53-57]. The 
risk of infertility depends on a variety of factors such as cancer type, stage, chemo- 
therapy regimen and dose, use of endocrine therapy, radiation site and dose, surgical 
site, and/or use of bone marrow or stem cell transplantation [58-67]. There are 
several excellent reviews that discuss these factors in greater detail [68—73]. 
Generally, younger patients are less likely to experience infertility [66, 67]. The 
American Society of Clinical Oncology (ASCO), the National Comprehensive 
Cancer Network (NCCN), and the American Academy of Pediatrics (AAP) have all 
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issued guidelines urging oncology healthcare providers to discuss infertility risk 
and fertility options with AYA patients and to refer them to fertility specialists [58, 
74, 75]. ASCO and NCCN guidelines also suggest further reproductive health dis- 
cussions such as the use of contraception and referrals to genetic counselors in the 
case of familial cancer syndromes [58, 75]. 

However, studies suggest these discussions are either not occurring, as evidenced 
by lack of documentation in the medial record, or not recalled by AYA patients, as 
shown in retrospective studies of cancer survivors' satisfaction with and recall of 
discussion of fertility with oncology healthcare providers [76—80]. Several recent 
studies recognized that discussions with a healthcare provider about fertility risk, 
regardless of whether preservation methods were used, were associated with higher 
quality of life (QoL) and less regret than patients who did not report such discus- 
sions [51, 76, 81-84]. 

LGBTQ AYAs with a cancer diagnosis face the same serious threats to QoL due 
to temporary or permanent fertility issues as heterosexual and gender-aligned AYA 
[68, 71, 85—89]. Impaired fertility can have a ripple effect on other QoL issues such 
as romantic partnering, body image, and sexuality [71, 86]. Although this has not 
been empirically validated in populations with cancer, surveys and case studies of 
men and women with infertility issues suggest a relationship between poor self- 
image and the inability to procreate/produce biological children [90-92]. Although 
many AYAs have strong ideas about having children in their future, equal numbers 
may not have seriously thought about it, and may not consider it unless a healthcare 
provider brings it up [45, 46, 79, 93-100]. 

Available studies suggest that sexual minority AYAs with cancer are likely to be 
interested in discussion of fertility preservation at similar rates as heterosexual and 
gender-aligned patients. T'Sjoen [87] reported that prior to initiating cross-sex hor- 
mones, some transgender persons elect to preserve fertility so that a future biologi- 
cal child may be possible. Wierckx [88] interviewed 50 transsexual men to identify 
reproductive wishes; 54 % desired children and 37 % had considered banking sperm 
prior to beginning cross-sex hormones. A single case study of a 33-year-old gay 
man with prostate cancer identified that fertility was a key issue in making his treat- 
ment choices [89]. 

While discussing risks of infertility and fertility preservation (FP) options is 
important for this population, it is also important to consider the unique psychoso- 
cial and developmental issues of LGBTQ AYAs diagnosed with cancer. Unique 
experiences and considerations of LGBTQ individuals may cause them to have dif- 
ferent desires regarding future childbearing and thus FP. For example, one transgen- 
der male-to-female child desired to have children in the future, but not with the 
sperm that could have been stored from her male body [101]. Given such situations, 
it may be useful for healthcare providers to focus on more diverse family building 
options, rather than solely on biological parenting — for example, surrogacy and 
adoption may be of interest to LGBTQ individuals like this child. 

Multiple studies of AYA cancer patients and survivors have identified several rea- 
sons why discussions about fertility and reproductive health do not take place with 
newly diagnosed patients. These reasons include the severity of the cancer diagnosis, 
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a provider's discomfort or lack of knowledge on the topic, and a perception that a 
patient is not interested in fertility if he or she does not initiate a conversation about 
it [46, 79, 93, 94, 98-100]. To date there have been very limited studies on LGBTQ 
AYAs with cancer and their fertility concerns, their childbearing intentions, or oncol- 
ogy healthcare providers' attitudes toward recommending fertility preservation to 
these patients. One of the first studies assessing oncologists' knowledge of the need 
to discuss fertility risks with patients identified many would not recommend sperm 
banking to a gay male patient [98]. It is not clear from this study if the perception is 
that gay male patients are perceived to be uninterested in having children, or if a 
value judgment is being made that this population should not have children. 


Availability of and Challenges to Accessing FP and Biological 
Parenting Options for LGBTQ AYA Patients 


For LGBTQ patients who wish to pursue FP options, it is important to consider the 
unique challenges that they may face. The American College of Obstetricians and 
Gynecologists (ACOG) acknowledges that lesbian and bisexual women experience 
barriers in the healthcare system due to concerns about confidentiality, need to dis- 
close, and fear of discrimination [102]. ACOG urges providers to consider that any 
patient, even one who is pregnant, may be a lesbian or bisexual woman [102]. 
ACOG also sees refusal to provide reproductive health services to same-sex couples 
or transgender individuals as a form of discrimination [102-104]. The European 
Society for Health Reproduction Ethics (ESHRE) also stresses that denying any 
group access to assisted reproduction “cannot be reconciled with a human rights 
perspective" [105]. Yet, a recent study showed sexual minority women seek fertility 
services at half the rate of heterosexual women [106]. However, Grover et al. [107] 
report the number of same-sex male couples seeking reproductive health services 
has had a 21-fold increase since 2003. Yager et al. [108] report that lesbian and 
bisexual women trying to conceive perceive reduced lack of support and heterosex- 
ism in fertility healthcare systems. 

A survey of 41 transgender men who had become pregnant showed 36 (88 96) 
achieved this pregnancy through their own oocytes despite having used testosterone 
prior to the pregnancy. Only half of the men reported receiving prenatal care, and all 
subjects reported low levels of provider knowledge of transgender health. However, 
what the study also reveals is that many transgender men who have transitioned 
socially, and in some case medically, still desire a biological child [109]. 

However, studies of healthcare providers suggest some bias in dealing with 
LGBTQ patients. A study of Canadian providers showed 11 % did not offer sperm 
banking to gay men [99]. A study of nine transgender individuals living in Canada 
who attempted to use ART reported all had a negative experience with providers 
[110]. A US study of obstetrics and gynecology providers revealed 14% would not 
suggest ART to women in same-sex relationships or unmarried women [111]. In a 
2012 analysis of the websites of US fertility clinics, 11 96 of clinics did not accept 
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lesbian and single women, and only 10% of all clinic websites had an explicit non- 
discrimination disclosure [112]. Several legal studies have examined the juxtaposi- 
tion between a provider's right not to provide medical care that he or she deems 
contrary to moral values or conscientious refusal, and discrimination in the context 
of reproductive medicine [113-117]. The AMA guidelines, however, state, 
"Physicians cannot refuse to care for patients based on race, gender, sexual orienta- 
tion, gender identity or any other criteria that would constitute invidious discrimina- 
tion" [118], norcan they discriminate against patients with infectious diseases [119]. 

Ongoing advances in assisted reproductive technology (ART) such as uterine 
transplants for successful pregnancy will continue to raise new ethical issues about 
the ability for transgender females to carry a pregnancy. For example, Murphy [120] 
explored this ethical conundrum in a recent commentary and concluded there are no 
strong arguments to preclude either the state from developing a line of research to 
explore the medical feasibility of this or for a transgender woman to pursue a uterine 
transplant with the goal of carrying a pregnancy. 


Policy and Practice 


Institutional policies and practices as well as healthcare providers' verbal and non- 
verbal communication provide a foundation for AYA LGBTQ patients to disclose 
their status [30, 121, 122]. Implementing systems-level approaches to routinely col- 
lecting relevant information for LGBTQ populations can provide an important start- 
ing point to facilitate optimal care [30, 122]. However, health intake forms with 
binary categories of gender and sexual orientation may dissuade patients from pro- 
viding this important piece of their social and medical history. Inclusive health 
forms allow patients to use their own language to describe their gender, romantic 
relationship, and sexual history [30]. For example, the Fenway Guide to Lesbian, 
Gay, Bisexual, and Transgender Health suggests providers should consider the pos- 
sibility that “every new patient may have any gender identity or sexual orientation 
or engage in any sexual behavior: avoid making assumptions based on stereotypes 
or generalizing from your own experience" [123]. As shown in Table 13.1, taking a 
sexual history can involve multiple questions that may be different than most pro- 
viders leaned in medical school [4, 124, 125]. Table 13.1 provides suggestions for 
taking a sexual history. Table 13.2 offers considerations for healthcare providers 
when asking these questions such as examining your own values and being aware of 
nonverbal body language. 

The Joint Commission, the Centers for Disease Control and Prevention (CDC), 
and the Institute of Medicine (IOM) all recommend sexual orientation, and gender 
identity should be collected in patient medical records [5, 126-129]. CDC and IOM 
further recommend the aggregation of these data to ensure these populations are 
represented in clinical research and to reduce health disparities in the population [5, 
129]. Figure 13.1 below provides sample wording for the collection of sexual orien- 
tation and gender identity on a medical form. 
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Table 13.1 Suggested sexual health history questions for face-to-face interview (Makadon et al. 


[123]) 


Are you having sex? 


Are you sexually active with men, women, or both? 
What type of sex do you have? 

Prompts: oral, vaginal, anal 
For each type of sex, are you using barriers or condoms? 
If yes, how often do you use them? 

Prompts: every time, not with primary partner 


Do you have any questions about the use of barriers? 


What keeps you from using barriers? 


Table 13.2 Dos and don'ts in taking a sexual history (Makadon et al. [123]) 


Do begin with a statement explaining that you ask these 
questions of all your patients and that the questions are vital to 
the patient's overall health 


Don't make assumptions 
about past, current, or future 
sexual behavior 


Do avoid language that presumes heterosexuality 


Don't assume that a person 
who identifies as lesbian or 
gay has never had an 
opposite-sex partner 


Do check yourself for judgmental facial expressions, body 
language, and tone of speech 


Do be prepared to answer questions about STI and HIV 
transmission risk for various sexual activities relevant to 
LGBTQ people 


Don’t assume that an LGBTQ 
person does not have (or lacks 
the desire to have) children or 
has never been pregnant 


Do note that transgender individuals, men who have sex with 
men, and those who engage in high-risk sexual activities are at 
increased risk for contracting HIV and certain STIs 


Do screen and treat according to the CDC guidelines (www. 
cdc.gov/std/treatment) 


Do realize that although STIs are less common among 
lesbians, clinicians should still screen all women for STI risk, 
regardless of sexual orientation. The more sexual partners a 
woman has (female or male), the greater her risk. Bacterial 
vaginosis may be more common in women who have sex with 
women than in the general population 


Do consider the overall health of patients who present with 
sexual functioning concerns, including their psychological 
status, physical wellness, and relationship health 


Conclusion 


Healthcare providers in the oncology care setting are increasingly called to under- 
stand the unique needs of, and provide care to, a diverse patient population [19, 130]. 
While great strides have been made over the last decade with respect to cultural 
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Please provide the following information so that providers and staff may address 
you correctly and bill for services correctly. 


a. Name on Insurance or Legal Government Records: 


b. Preferred Name/Nickname (if different): 


c. What is your current gender identity (check all that apply): 
Male Female Transgender Male/Trans Man/FTM 
Transgender Female/Trans Woman/ MTF  Genderqueer 
Additional Category, please specify: 
Decline to Answer 


d. What sex were you assigned at birth on your original birth certificate (check one) 
Male Female Decline to Answer 


e. What sex is listed on your health insurance of government records 
Male Female 


f. What gender pronoun do you prefer (he, she, they, zie etc): 


g. Do you think of yourself as: 
Lesbian Gay Homosexual 


Straight or heterosexual Bisexual Something else 
Don't know 


Fig. 13.1 Sample language for a medical form (Makadon et al. [123]) 


competence, there is a growing awareness that diversity spans beyond minority 
groups solely based on race and ethnicity and includes sexual minority groups that 
have long been marginalized in the US healthcare system. Our review specifically 
discusses the challenges of AYA LGBTQ patients in the context of cancer-related 
infertility and fertility preservation. However, many of the issues and considerations 
that we have discussed as well as the suggestions we provide can be used to more 
broadly impact and improve healthcare for sexual minority groups. 
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Chapter 14 

Fertility Issues in Transfusion-Dependent 
Thalassemia Patients: Pathophysiology, 
Assessment, and Management 


Sylvia T. Singer 


Introduction 


Thalassemia, an inherited hemoglobin synthesis disorder, is one of the most com- 
mon genetic conditions worldwide. It is characterized by a wide variation in clinical 
phenotypes; the most severe form, f-thalassemia major (TM), is manifested by 
severe anemia in early childhood, bone changes, and splenomegaly. TM requires 
regular blood transfusion therapy for survival, frequently referred to as transfusion- 
dependent thalassemia (TDT). Since transfused blood entails high iron concentra- 
tion, it results in iron overload and multi-organ dysfunction if excess iron is not 
adequately removed. In contrast, thalassemia intermedia (TI) is associated with 
milder mutations resulting in a milder phenotype and patients, though anemic, are 
not transfusion dependent and have lower iron burden. Occasionally, patients with 
TI will have progressive anemia and clinical findings necessitating regular transfu- 
sion therapy. 

Inadequate control of transfusion-induced iron overload is the primary impedi- 
ment to the long-term health and management of TM patients; iron accumulation 
through the transfused blood (and some from increased intestinal absorption) is 
present in a significant number of patients, and is a primary cause of end-organ 
dysfunction. While cardiac and hepatic iron-induced damage can result in prema- 
ture death, the endocrinopathies, including delayed puberty and subfertility, can 
pose serious debilitating complications with major impact on patients' quality of 
life (QOL). Despite significant progress in iron chelation regimens and methods for 
measurement of organ-specific hemosiderosis, impairment of reproductive capacity 
is well documented among patients with TDT and is still prevalent. Though sponta- 
neous fertility can occur in adequately transfused and well-chelated patients, many 
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are infertile, or become so over time. Medical advances have improved life 
expectancy for TM patients over the past decades; consequently, there has been a 
shift to increased focus on decreasing morbidity and achieving a better QOL that 
inherently prioritizes attaining reproductive capacity. 

Care for thalassemia has expanded aiming to allow patients to achieve social, 
vocational, and reproductive goals comparable to their healthy peers. Still, studies 
and programs addressing the pathogenesis and progression of their subfertility, edu- 
cation and early counseling, and implementation of means for fertility preservation 
are scarce. Women and men with TDT have a wide array of complications beyond 
the reproductive axis that can affect infertility treatment outcomes. These need to be 
addressed by a multidisciplinary approach when patients are consulted for family 
planning. 

This chapter will review the pathogenesis and assessment of infertility, approach 
for fertility preservation, and pregnancy planning and management issues. The 
chapter will focus on TDT and will not discuss non-transfusion-dependent thalas- 
semia (NTDT), as fertility problems are rare in this less iron-loaded thalassemia 
phenotype. 


Pathophysiology and Evaluation of Fertility in TDT 
Iron Overload, Hypogonadism, and Infertility 


Iron-induced tissue damage in patients receiving chronic transfusions is a primary 
cause of endocrine disorders which can pose serious debilitating complications 
such as diabetes mellitus, short statue, delayed puberty, and disturbances of the 
reproductive system commonly noted in adolescent and adult TDT patients. 
Generally, the scope of complications is directly related to the extent of iron load. 
Regular transfusion therapy requires side-by-side iron chelation therapy to remove 
the excess iron: Deferoxamine (desferal) was the only agent available for many 
years. Though an effective chelator, it requires parenteral administration, resulting 
in poor compliance in over half of the patients. Subsequent introduction of oral 
chelation formulation, deferasirox and deferiprone, has increased treatment adher- 
ence, and a reduction in end-organ complications and endocrinopathies was 
reported [1, 2]. Oral chelation treatment has also allowed for treatment programs 
aimed to prevent iron burden and normalize iron stores via combination treatments 
and more aggressive chelation regimens. Such regiments were able to prevent 
some morbidities including hypogonadism, but are still not widely applied, par- 
tially since the chelation agents themselves carry unwarranted side effects [3, 4]. 

The major mechanism causing decline in fertility in TDT is often thought to 
be central hypogonadism due to the effect of iron deposition on the pituitary 
gonadotrope cells, which leads to disruption of gonadotropin production. 
Hypogonadotropic hypogonadism (HH) may present with slowly progressive 
puberty or arrested puberty and primary or secondary amenorrhea in females. 
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These are not uncommon complications in moderately or grossly iron-over- 
loaded patients [5, 6]. In older patients, concerns of sexual dysfunction or repro- 
ductive issues will arise. A late-onset hypogonadism presenting in second or 
third decade of life, with low testosterone and oligospermia in males and a 
decline in ovarian reserve in females, was recently described [7, 8]. A large 
number of studies reported a high frequency of these problems [9-12], while 
later studies have shown that adequate iron chelation initiated at a young age 
allows for better sexual maturation [13]. However, more recent studies claimed 
that even in patients with regular iron chelation, the prevalence of hypogonad- 
ism is still high, reported at 27—55 % [7, 14—17]. The relationship of HH with 
reproductive status is not clear as gonadotropin levels are not always informa- 
tive concerning ovarian or testicular function. An additional iron effect on the 
gonads may also exist, but the pathophysiology and association with the extent 
of iron overload have only been partially studied. Such a direct gonadal effect 
appears to occur more in men, disrupting spermatogenesis, while in women 
ovarian function is generally better preserved. 


Mechanism of Iron Toxicity in Thalassemia 


Transfusions invariably cause iron accumulation in the body. When iron exceeds 
the iron-carrying capacity of transferrin, it accumulates as nontransferrin-bound 
iron (NTBI) and its free form, labile pool iron (LPI). NTBI and LPI are capable 
of penetrating cells, primarily in the liver, heart, and endocrine organs. They 
catalyze the formation of free radicals, thereby disrupting the redox balance of 
the cells causing oxidative stress. Oxidative stress can cause progressive tissue 
damage through deleterious effects to mitochondria, lysosomes, lipid mem- 
branes, proteins, and DNA [18, 19]. Iron-mediated damage to various tissues 
probably depends on the length of exposure to iron, iron concentration, and 
tissue-specific sensitivity to damage [20]. A significant prooxidant/antioxidant 
imbalance exists in TDT patients, due to overproduction of free radicals second- 
ary to the iron overload and reduced antioxidant defense mechanisms caused by 
alteration in serum trace elements and antioxidant enzyme levels [21, 22]. A 
decrease in the levels of antioxidants such as vitamins E and A, ascorbate, and 
beta-carotene and low zinc and selenium were well documented in several thal- 
assemia studies, a result of a higher consumption rate as well as inadequate 
dietary intake [21, 23-25]. Several studies revealed an association of iron over- 
load state and low antioxidant defense mechanism: Serum levels of vitamin E 
were inversely correlated with ferritin levels, suggesting major consumption of 
this antioxidant [20]. In addition, plasma malondialdehyde (MDA), a biomarker 
of oxidant stress, has been shown to correlate with iron toxicity in thalassemia 
[26]. and a direct association of NTBI with measures of oxidative state and 
thalassemia heart disease was indicated [27]. 
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In the reproductive literature, oxidative stress was shown to have a major role in 
male and female infertility [28—30]. The natural decline in female fertility and fol- 
licle aging are thought to result from oxidative stress. Mechanisms include an 
increase in reactive oxygen species (ROS) production, mitochondrial flaws, a com- 
promised microenvironment, reduced enzymatic antioxidant defense mechanisms, 
and a decline in granulose cell production of steroid hormones, in particular estra- 
diol [31—34]. 

In males, increase in ROS is considered a major contributory factor to infertil- 
ity. ROS impose deleterious effects on the sperm membrane, nucleus, and pro- 
teins, thus impairing sperm quality, function, and overall fertilizing capacity [35, 
36]. In seminal plasma, endogenous antioxidants such as glutathione (GSH); vita- 
mins E, C, and A; folate; and carnitine were shown to have protective and repair- 
ing properties and a substantial effect on reproduction [37, 38]. However, when 
ROS are produced beyond the antioxidant capacity of seminal plasma, the patho- 
genic result is often cellular and sperm DNA damage [39]. Consequently, the 
assessment of total and seminal plasma oxidative profiles has been suggested as a 
tool to improve the evaluation of sperm reproductive capacity in infertile men [40]. 
Additionally, the use of antioxidant supplementation was studied and improved 
sperm qualities were demonstrated, though the overall effectiveness on fertility 
remains controversial [30, 35, 41, 42]. The effects of these approaches in thalas- 
semia men have not been studied. Micronutrients, in particular zinc, are also 
known to impact male fertility; zinc takes part in generating sperm motility and 
has a positive effect on spermatogenesis [43]. 

Taken together, it is reasonable to assume that iron-induced disruption of the 
reproductive axis in TDT occurs through such mechanisms. This notion was inves- 
tigated in a handful of studies described here: 


Thalassemia Women 


Increased levels of redox activity in the follicular fluid from a TM patient were 
demonstrated, suggesting that redox-active iron ions mediate free radical pro- 
duction, induce tissue injury, and possibly contribute to impairment of female 
reproduction [44]. Another study obtained histopathological evidence that 
deposition of hemosiderin occurs in the endometrial glandular epithelium of 
iron overload TM women, thus preventing blastocyst implantation. Notably, 
effective iron-chelating treatment with deferoxamine resulted in reduction or 
disappearance of the hemosiderin [45]. The iron overload effects on the repro- 
ductive system of TM women were recently reviewed [46]. 
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Thalassemia Men 


An increase in ROS in seminal plasma of TDT men and the presence of a compen- 
satory mechanism for scavenging free radicals were suggested [47]. In addition, 
studies have shown sperm DNA damage, presumably a result from iron-induced 
oxidative injury [48—50]. In a recent study, the presence of both increased iron con- 
centration and reduced GSH in the seminal plasma of TM patients compared to 
levels in normal controls was shown. Though a small sample size, a correlating 
effect of reduced sperm motility, an important measure of fertilization potential, 
was demonstrated [51]. In men, high seminal iron can reduce sperm motility to 10 % 
of normal levels, thereby significantly affecting reproductive potential [52]. In the 
same study, seminal zinc was low in patients with azoospermia. Plasma zinc levels 
are often low in TM patients adding to a compromised fertility [23, 40]. Though not 
well studied, it raises the need to monitor levels of plasma zinc and increase its 
intake in TDT males of reproductive age. The effects of administering selective 
antioxidants and replenishing low trace elements and vitamins on infertility in TM 
patients need further evaluation. 


Pituitary Siderosis and Fertility in Thalassemia 


The anterior pituitary may be very susceptible to iron-induced damage that results 
in defective gonadotropin secretion, a condition also known to occur in iron-loaded 
patients with the genetic disorder hemochromatosis [53]. In advanced cases the iron 
damage appears to be irreversible. Standard iron burden measures such as ferritin, 
liver iron concentration, and intensity of chelation have been used to measure total 
body iron and its association with gonadal dysfunction [9, 54, 55]. However, it can- 
not reliably assess pituitary hormone secretion capacity and reproductive potential 
[17, 56]. The development of MRI technology for pituitary iron quantitation brought 
about significant progress in determining pituitary siderosis, the relation to total 
body iron and detection of early stage endocrinopathies [57—60]. The association 
between gland siderosis and function was investigated in 50 TM patients using a 
T2-weighted signal intensity, and a significant correlation with hypogonadism was 
demonstrated [60]. The signal intensity was also shown to significantly correlate 
with pituitary height, indicating a decrease in the gland's size with an increase in 
siderosis [59]. It was shown that patients with transfusional iron overload begin to 
develop pituitary siderosis as early as the first decade of life; however, clinically 
significant pituitary volume loss was not observed until the second decade of life. 
Both pituitary iron overload and gland shrinkage were independently predictive of 
hypogonadism. Still, many patients with moderate to severe pituitary iron overload 
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retained normal gland volume and function. This represents a potential therapeutic 
window to intensify iron chelation and other treatment modalities before irrevers- 
ible gland shrinkage occurs [61]. 

Several studies have assessed the function of the hypothalamic-pituitary-ovarian 
axis utilizing a gonadotropin releasing hormone (GnRH) test and have demonstrated 
significantly lower baseline and peak luteinizing hormone (LH) and follicular-stim- 
ulating hormone (FSH) levels compared to those in the control group. The studies 
demonstrated an association of low LH and FSH levels with the severity of iron 
overload. Patients with severe iron overload had no response to GnRH bolus (apul- 
satile), suggesting irreversible hypothalamic-pituitary axis damage, while some 
response was observed in patients with less severe iron burden [12, 62, 63]. In 
another study, anterior pituitary function (GnRH stimulation test) correlated well 
with MRI results, but not with the pubertal status of patients [64]. Pituitary MRI for 
assessment of iron concentration and gland size in conjunction with standard hor- 
mone levels and fertility studies may be an important component of the evaluation 
of reproductive potential in TDT patients. Furthermore, more studies are needed to 
assess the effect of iron chelation therapy (various chelation agents and combination 
therapy) and its ability to reverse anterior pituitary malfunction. 


Fertility Issues in Thalassemia Women 


Conception and Obstacles for Attaining Pregnancy 


Despite advances in the management of iron overload in TDT, abnormalities of ovu- 
lation are common and are estimated to occur in 30-80 % of adult women [56, 65, 
66]. Nevertheless, over the past decades, an increasing number of pregnancies have 
been reported. In adequately transfused and well-chelated women, spontaneous 
pregnancies occurred, while others responded to hormone stimulation. The large 
variability in fertility potential and ability to induce pregnancies likely represents the 
wide range of iron overload states compounded by the chronological ages of TM 
women attempting to become pregnant. A summary of reported pregnancies in thal- 
assemia women since the first report in 1969 to the year 2000 identified 335 preg- 
nancies in 200 TM women and 22 TI women; the majority happened after 1990 [67]. 

More pregnancies in TDT women were reported in the subsequent 15 years, as 
summarized in Table 14.1. Of note, the average women age was higher than that in 
the earlier studies, and approximately 50-60% of pregnancies required ovulation 
induction [68—71]. Based on these successful cases, ovarian function has been pro- 
posed to be preserved in women suffering from primary or secondary amenorrhea 
as they become able to conceive following stimulation therapy. However, not all 
will respond to such stimulation treatment. There is limited data on the frequency of 
failure of ovulation induction and on the length of time and number of attempts of 
hormonal stimulation required to achieve successful pregnancies. 
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Earlier studies, presumably conducted in heavily iron-overloaded patients, sug- 
gest impaired oocyte function contributing to infertility. Extensive iron deposition 
in the ovary has been implicated as a cause of ovarian failure [12, 44]. In two suc- 
cessful pregnancies, inability to fertilize the thalassemia woman's oocyte in vitro 
was alleviated by using donor oocytes and the husband's sperm [72]. In a more 
recent study, ovarian volume was significantly reduced to the range of that of post- 
menopausal women. This reduction was probably due to the lack of gonadotropin 
stimulation, but could also have been a direct result of iron on the ovarian tissue, 
particularly in thalassemia women with long-standing iron overload [8]. Another 
study demonstrated hemosiderin in the endometrial epithelium of three TM women 
[45]. 


Ovarian Reserve and Fertility Preservation 


An important part of care for TM women is providing them with information about 
their reproductive state and initiating an overall plan for a prepregnancy care (see 
below). FSH and estradiol levels in the follicular phase in TDT women are not reli- 
able markers for gonadal function evaluation, and hormone stimulation tests to 
assess gonadal function did not yield consistent results [62, 73, 74]. More advanced 
methods such as hormonal profile along with ovarian reserve testing (ORT) in TM 
women of reproductive age are scarce. A more recent study utilized antral follicle 
count (AFC), a strong predictor of ovarian reserve, and found it to be lower in TM 
compared to normal controls, in particular in TDT women 30 years and older [8]. 
Anti-Mullerian hormone (AMH), another sensitive marker of ovarian reserve, is 
applied often in fertility clinics. It represents the early primordial follicle pool in the 
ovary, and is therefore independent of gonadotropin effect [75—77]. It may therefore 
emerge as a more reliable marker for reproductive potential and predictor of success 
of assisted reproductive technology in thalassemia women. Two studies assessed 
AMH levels in TDT women, both describe low to a low-normal range compare to 
normal controls. However, a clear downward trend of AMH levels in older women, 
in the mid-30s and older, was noted [8, 77]. The two studies showed a reverse cor- 
relation between AMH and iron overload measures, NTBI or ferritin, that was inde- 
pendent of the patients' age. It appears that fertility declines in older TDT women 
who may have a faster drop in their ovarian reserve pool than age-matched normal 
women (Figs. 14.1 and 14.2). This suggests that duration of exposure to iron may 
increase the deleterious effects and exhaust the ovarian reserve, possibly through 
direct ovarian tissue effect (as discussed in earlier sections of this chapter). 
Therefore, it is important to initiate assessment, discussion, and consultation regard- 
ing patients’ wishes and efforts to preserve fertility at a young age. Attempts to 
reduce iron overload through intensified chelation therapy may be helpful to restore 
some reproductive function in some cases. Notably, improvement in gonadal func- 
tion was observed in one female who gave birth to two healthy children without 
hormonal stimulation after intense iron chelation treatment [3]. In addition, elective 
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Fig. 14.1 AMH levels and AFC in TM women and normo-ovulatory controls. (a) AMH levels in 
the thalassemia women, 25 years and older (n 223, red circles), were compared with normal con- 
trols (8; 1-759), showing that the slopes of the regression lines against age were not statistically 
different (P 20.56). The slope was significant for the normal controls (P «0.0001; 95 96 Cl, 21.867 
to —1.406) and for the thalassemia patients (P «0.03; 95 % Cl, —2.323 to —0.1142), implying an 
association with age. There was a 5.0pM (95% Cl, 13.4-26.8) difference between the group 
means. The levels in the thalassemia women were in the low-normal range of normal and dropped 
to lower levels in women older than 30 years. (b) Age-dependent AFC in thalassemia women and 
normal controls. AFC number includes all counted follicles 2-10 mm in size, in thalassemia 
women, and in the cohort of normal controls (n 2 769) (With permission from Singer, et al. Blood, 
8 September 2011;118(10):2878-81) 


cryopreservation of oocytes or ovarian tissue should be considered, while the 
oocytes and tissue are still attainable. 

Over the past decade, there has been increasing interest in methods to expand the 
reproductive options of patients facing gonadotoxic therapies for various types of 
malignancies [78, 79]. There is, however, very limited such information for 
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Fig. 14.2 Iron overload is associated with low AMH in women with TDT. Scatter plot with fit line 
of the untransformed serum ferritin and AMH levels in 29 women with transfusion-dependent 
beta-thalassemia. Age-adjusted Spearman correlation coefficient is shown (With permission from 
Chang H, et al. BJOG. 2011;118:825-83) 


thalassemia patients. A recent successful ovarian tissue cryopreservation was dem- 
onstrated both in an adolescent thalassemia patient [80] and in a TDT woman prior 
to receiving gonadotoxic preconditioning treatment for hematopoietic stem cell 
transplantation (HSCT). Reimplantation of ovarian tissue resulted in IVF pregnancy 
and delivery of a healthy baby [81]. 


Prepregnancy Planning in Transfusion-Dependent Thalassemia 
Women 


Prepregnancy counseling and planning are essential in order to minimize risk to the 
pregnant thalassemia woman and to the fetus. Apart from subfertility, other sys- 
temic and endocrine disorders, primarily cardiac disease, liver dysfunction, diabetes 
mellitus, and chronic viral infections, hamper fertility ability and pregnancy. Ideally, 
a multidisciplinary team comprised of a hematologist, reproductive medicine spe- 
cialist, obstetrician, and cardiologist should be involved. In many cases, a psycholo- 
gist is helpful also. Partner screening for carrier status of a thalassemia syndrome is 
essential and genetic counseling may be needed. The safety of pregnancy for 


220 S.T. Singer 


mothers with TDT has been discussed in several reports [68, 73, 82-84]. A number 
of systems require prepregnancy evaluation and consideration during pregnancy: 


Cardiac function. The cardiac load during pregnancy increases physiologically by 
about 25 96. In addition, most TM women require an increase in red blood cell 
transfusion to maintain high enough pre-transfusion hemoglobin levels. The 
increase in transfusion, coupled with discontinuing iron chelation throughout 
most of the gestational time due to concerns of teratogenicity can result in a 
significant increase in systemic and myocardial iron load (Table 14.1) [85]. In 
women with borderline cardiac function, these two factors can result in left ven- 
tricular dysfunction, serious cardiac complications, and even death. An evalua- 
tion of cardiac function by echocardiogram or by MRI and cardiac iron level by 
T2* MRI technology, if available, should be performed. The 2014 Thalassemia 
International Federation (TIF) guidelines for the management of TDT recom- 
mend having an ejection fraction >65 %, shortening fraction >30 96 by echocar- 
diogram, and T2* no less than 20 ms [86]. If cardiac function is low or cardiac 
iron load is high (T2* «20 ms), it is advised to intensify chelation to improve 
cardiac function before trying for a pregnancy. Occasionally, the use of iron che- 
lation when faced with an increase in cardiac iron burden and cardiac failure 
during pregnancy is indicated. 

Endocrinopathies. Patients need to be screened for early glucose intolerance or 
assure a well-balanced glucose range if diabetes mellitus has already developed. 
Screening for hypothyroidism and monitoring to assure a euthyroid state are 
important. Additionally, bone health and extent of osteopenia, osteoporosis, or 
chronic bone and joint pain need to be evaluated. 

Viral infections. Screening for hepatitis B and C and HIV are important, and treat- 
ment for hepatitis C or HIV should be offered prior to pregnancy. 

Psychological support. Thalassemia women face lifelong complications related to 
their disease that influence their self-esteem, sense of identity, social life, and 
family planning. TM women attempting to get pregnant have shown increased 
rates of anxiety and depression as compared to healthy pregnant controls [87]. 
Integrating psychological support in the multidisciplinary team that develops a 
program for a TM woman to become pregnant and follows her through her preg- 
nancy is recommended. 


Pregnancies: Management, Outcomes, and Complications 


Cardiac Function Monitoring Cardiac hemosiderosis reduces myocardial con- 
tractility, causing compensatory hypertrophy that can compromise cardiac perfor- 
mance during pregnancy as the cardiac output rises significantly. Though minimal 
transient cardiac function changes have been shown in a large report [84], other 
smaller case studies have shown a more pronounced increase in left ventricular 
end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter 
(LVESD) in TDT women compared to the expected normal physiological changes 
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in pregnancy. Some were accompanied by a fall in ejection fraction and shortening 
fraction, likely due to diminished contractility [83, 88, 89] or overt heart failure and 
subsequent death [68]. As an increased number of pregnancies may now be 
expected, careful monitoring of cardiac function is important, even with normal 
prepregnancy echocardiograms, as iron overload can develop rapidly with discon- 
tinuation of chelation [85, 90]. Regular cardiac monitoring every 3 months has 
been suggested [67]. 


Transfusion and Iron Chelation Maintaining pre-transfusion hemoglobin of 
10-11 g/dL through more frequent low volume blood transfusions is recommended. 
Data on the safety of iron chelation treatment during induction of ovulation treat- 
ment and during pregnancy is scarce. However, due to the concern of teratogenicity, 
a common practice is to discontinue chelation therapy during the ovulation induc- 
tion days until the outcome is known, as well as during the first two trimesters of 
pregnancy (some patients chose to avoid chelation through the whole gestation 
period). In case reports, no teratogenicity with the use of deferoxamine was reported, 
and consideration should be given to offer it in second trimester or when a concern 
of change in cardiac function occurs [85, 89, 91, 92]. Withholding chelation with 
deferoxamine in such situations may result in further decline in cardiac function and 
possible heart failure during pregnancy or after delivery. There is limited data on 
newer oral chelators that are smaller molecules and may have a higher likelihood to 
cross the placenta. However, a case report of incidental use of deferasirox up to 
22 weeks of gestation still resulted in the birth of a healthy baby [93]. 


Anticoagulation Due to an increased risk of thromboembolism in TDT women 
who underwent splenectomy, it is advised to use low-dose aspirin during pregnancy 
and postpartum [71, 89]. In a larger study, low molecular heparin was administered 
peripartum subsequent to aspirin during gestation without any increased bleeding 
tendency [84]. More detailed recommendation can be found in the 2014 TIF guide- 
lines for the management of TDT [86]. 


Based on the above, it seems that, irrespective of spontaneous or induced ovula- 
tion, the current outcome of attempted pregnancies in TDT women, with proper 
multidisciplinary guidance and care, is optimistic. More than 500 pregnancies in 
TDT women have been reported; the majority delivered healthy term babies, while 
preterm babies were reported in 13—35 %, some related to multiple pregnancies 
[94]. Complications included a higher frequency of miscarriage, intrauterine growth 
retardation (IUGR), and low birth weight. Cesarean section is most often the chosen 
delivery method due to concerns of cephalopelvic disproportion resulting from 
maternal short stature and skeletal deformities and normal fetal growth [68, 70, 84, 
88, 95-97]. Reports show a variable increase in iron load, which ranged from 10 to 
100 % greater ferritin levels than preconception, likely related to the differences in 
the increase in blood transfusion during pregnancy. Some have noted a higher inci- 
dence of complications during pregnancy; these include: cardiac issues (compro- 
mised LV function, arrhythmias, and hypertension), gestational diabetes, impaired 
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glucose tolerance, and renal colic (Table 14.1). There were no reports of increase in 
incidence of thrombosis or preeclampsia. 


Fertility Issues in Thalassemia Men 


While ovulation induction in TM women can result in successful pregnancies and 
births, successful paternity seems to occur less often in TM men, a discrepancy that 
is not well understood. It is estimated that more than one half of men with TM are 
affected by oligospermia, asthenospermia, and possibly compromised sperm qual- 
ity [7, 17, 48, 62, 67]. However, great variability in TDT phenotypes in these studies 
likely affects these estimates. Additionally, emerging iron chelation treatments may 
positively impact this high prevalence. Infertility in TM men appears to have mul- 
tiple causes, including HH, late-onset hypogonadism, abnormal spermatogenesis, 
and possibly nutrient deficiencies combined with an increase in oxidative stress that 
affects sperm qualities, as discussed above. 


Assessment of Reproductive Potential 
Hormonal Assessment 


Several advances in diagnosis and treatment of male infertility have been made in 
recent years [98, 99]. In most sterile males in the general population, primary gonadal 
dysfunction will result in elevated LH and FSH levels; however, these are not useful 
predictors for fertility potential in thalassemia men, as their LH and FSH secretion will 
be compromised due to iron overload effects on the pituitary. Variable gonadotropin 
levels and age of onset of HH have been reported making the use of these hormone 
levels difficult for assessment of fertility potential [7, 17, 61]. Gonadal and fertility 
status is also difficult to predict by means of transfusion or chelation parameters, as no 
clear correlation was shown with HH [17, 100]. Levels of inhibin B, a hormone pro- 
duced in sertoli cells in the testes that inhibits pituitary FSH secretion, seem to better 
reflect testicular function and spermatogenesis and show a more accurate predictive 
ability of male fertilization potential than FSH levels [101, 102]. Obtaining levels of 
inhibin B may have a better extrapolative value in TDT men, currently being studied. 


Sperm Analysis 


It has been suggested that sperm DNA integrity may be an important method to deter- 
mine male fertility adding to the routine semen analysis of volume, sperm count, 
motility and morphology. There is evidence that sperm of infertile men contain more 
DNA damage than those of fertile men and that the DNA damage may have a 
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negative effect on fertilization ability of these patients [39, 103, 104]. There are sev- 
eral methods to assess DNA loss of integrity and increased breakage. Among them, 
sperm chromatin structure assay (SCSA), terminal deoxynucleotidyl transferase- 
mediated assay (TUNEL), and single-cell gel electrophoresis assay (COMET) are 
commonly used [98, 103, 105]. High levels of sperm DNA fragmentation often cor- 
relate with poor seminal parameters such as reduced count and motility or abnormal 
morphology, but sperm DNA damage is also found in a small percentage of men with 
normal seminal parameters. Several investigators have applied this method for TDT 
men. 


Paternity and Fertility Evaluation 


A scarce study assessed fertility parameters or reported fatherhood in TDT men. 
Sperm abnormalities were frequent consisting of low sperm count, poor motility, 
and increased abnormal morphology, described in the majority of TM men (mostly 
in their mid twenties), more so in TM men with HH [50, 62, 67, 106]. In a study 
where oligospermia and asthenospermia were described in 50 % of TM men, lack of 
correlation with LH and FSH levels was noted, and the authors suggested that intense 
chelation with deferoxamine may have contributed to the sperm abnormalities [49]. 
In two studies that measured sperm DNA integrity, spermatozoa of TM men had a 
higher degree of DNA damage compared to controls. This increase in sperm DNA 
breakage was also shown to negatively correlate with sperm motility, an important 
measure of fertility potential [48, 49]. It should be noted that some of these men had 
significant iron overload, as measured by a median ferritin [48]. A more recent study 
demonstrated a normal DNA fragmentation in a small group of TDT men who had 
low iron overload and lacked findings of increased oxidative stress in their seminal 
plasma, suggesting a positive effect of consistent iron chelation [51]. There have 
been concerns about potential consequences of the use of DNA-damaged sperm with 
intracytoplasmic injections (ICSI) and IVF, as this technique overrides the process 
of natural selection during fertilization. However, the impact of sperm DNA damage 
on reproductive outcomes remains controversial and is unknown in thalassemia [39]. 
Similarly, the effect of different iron chelation agents on sperm quality parameters 
was not evaluated in thalassemia men. More prospective studies are needed to deter- 
mine the clinical importance of abnormal sperm analysis on fertility in TDT men. 


Induction of Spermatogenesis and Fertility Preservation 


Induction of spermatogenesis in thalassemia males is more difficult and yields less 
success than the induction of ovulation in thalassemia females. In a study of both 
genders, 14 TM males with HH and infertility received gonadotropins for 
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6—24 months with variable outcomes. Although successful paternity did not occur, 
successful spermatogenesis with oligoasthenospermia occurred in six men and two 
men had successful paternity after in vitro fertilization (IVF) and ICSI. Male 
response to hormone stimulation was less favorable than that of the females [106]. 
Another study has also described a low response rate (10—15 96) to stimulation of 
spermatogenesis and noted the failure of several TM men who had previously 
fathered a child to respond later to stimulation treatment [67]. These small studies 
have a lower success rate of spermatogenesis subsequent to hormone stimulation 
than the success rate reported in men with hypogonadotropic hypogonadism due to 
other causes, estimated at ~80% [107]. Though small-scale studies, it indirectly 
implies an important role of direct iron-induced impediment to spermatogenesis in 
thalassemia men, as discussed above. 

For thalassemia men with a low testosterone level, the regular use of hCG instead 
of testosterone replacement is occasionally considered in order to avoid gonadotro- 
pin suppression and therefore possibly preserve spermatogenesis. However, this 
approach has not yet been studied in thalassemia. A common practice is to discon- 
tinue testosterone treatment and start biweekly hCG intramuscular injections 
approximately 6-12 months prior to planned pregnancy while monitoring semen 
analysis and testosterone levels. 

Until further study on thalassemia male fertility preservation is conducted, patients 
can benefit from knowledge of their expected reproductive potential based on the 
above analysis. Additionally, early education and referral to a reproductive endocri- 
nologist for discussion of sperm cryopreservation procedures should be considered. 
Advances in micromanipulation techniques such as ICSI and more recently physio- 
logical intracytoplasmic sperm injection (PICSI) can improve conception even in 
patients with poor sperm count and motility findings. Cryopreservation of testicular 
tissue is still experimental but may become an option in prepubertal boys [80]. 
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Introduction 


The rate of cure for childhood cancer is now over 80 % due to tremendous therapeu- 
tic advances over the past 50 years. Survivors now comprise approximately 1 of 
every 640 young adults aged 18—45 living in the United States (www.childrenson- 
cologygroup.org). The number of childhood cancer survivors continues to grow. 
Today childhood cancer survivors are living well into adulthood. The goals of pedi- 
atric oncology treatment include achieving cure but also doing so in a way that 
minimizes a lifetime of late effects. One such late effect of therapy is the impact on 
fertility. 

While the field of adult oncofertility is growing rapidly, pediatric oncofertility is 
relatively new. Pediatric patients present unique challenges not often encountered in 
the adult cancer arena. Patients under the age of 18 are not able to consent to treat- 
ment. Parents must consent with their child's best interest in mind. Many parents 
and patients have not yet considered future childbearing at the time of diagnosis. 
They may be prematurely forced to discuss the topic for the first time and under 
stressful conditions. Pediatric malignancies grow very rapidly, leaving a very short 
window between diagnosis and the initiation of possible gonadotoxic therapy. This 
results in a narrow time frame for a discussion of potential fertility preservation 
options. Finally, many pediatric malignancies occur prior to puberty. This limits the 
number of established fertility preservation options available to this population. 

This chapter represents the experience of Cincinnati Children's Hospital Medical 
Center (CCHMC) in building an oncofertility program for pediatric, adolescent, and 
young adult patients. Our team comprises physicians and medical staff from the 
Cancer and Blood Diseases Institute (CBDI), Pediatric and Adolescent Gynecology, 
Pediatric Urology, and the University of Cincinnati Reproductive Endocrinology. 
CCHMC is a tertiary care center with 2350 new patients in oncology and 2100 bone 
marrow transplant patients per year. We are able to offer ovarian tissue cryopreser- 
vation for females as young as 1 month of age under an open IRB-approved study 
protocol. In collaboration with our REI team members, we also offer hormone ther- 
apy for postpubertal females, as well as oocyte/embryo cryopreservation for older 
adolescent and young adult females (over the age of 15). For males, testicular cryo- 
preservation is available for patients at all ages under an open IRB-approved study 
protocol (at limited institutions), and sperm cryopreservation is available for post- 
pubertal patients. 


The Oncofertility Team 


A successful pediatric oncofertility program involves a collaborative effort that 
crosses several disciplines. Our process flow is defined in a later section of this 
chapter. For now, we will begin by defining the key individuals on our team. 
Successful program development and implementation requires recognition of the 
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valuable input of all stakeholders. Team members work closely together with the 
assistance and coordination of the fertility navigator throughout. 


Primary Team Members 


At our institution the fertility navigator role is performed by a registered nurse with 
experience in both pediatric oncology and pediatric and adolescent gynecology. She 
receives the initial consult and orchestrates communication between the multiple 
specialties, keeping timeliness and patient/family experience as the highest priori- 
ties. She 1s the core team member. She facilitates the actual consultation, ensures 
appropriate laboratory testing is performed, assists in the consultation, and arranges 
the indicated follow-up dependent upon the patient/family decision for intervention. 
At our institution, she also helps to navigate the research process and financial con- 
siderations. She is critical in assisting the patient/family through the oncofertility 
process as seamlessly as possible. 

The pediatric oncologist on the oncofertility team is responsible for assessing the 
risk of infertility from the proposed treatment plan. He or she discusses the patient's 
treatment plan and timeline with their primary oncology/bone marrow transplant 
team. The pediatric oncologist will have knowledge of the cancer diagnosis as well 
as access to detailed treatment protocols. This allows an accurate and individualized 
risk assessment of the effect of treatment on future fertility for the patient. 

Our pediatric and adolescent gynecologist plays a critical role in the consultation 
for female patients. He or she is able to meet with the patient and family to discuss 
the risk assessment and appropriate fertility preservation options. They are then able 
to perform select procedures at our freestanding pediatric hospital (in the case of 
ovarian tissue cryopreservation) or refer to the reproductive endocrinologist for 
rapid consultation (embryo and oocyte cryopreservation). The gynecology team 
also manages medical management, including hormone therapy for menstrual sup- 
pression during treatment. 

Our pediatric urologist is likewise essential in the consultation process for male 
patients. He or she is able to meet with the patient and family to discuss the risk 
assessment and appropriate fertility preservation options. They are then able to refer 
the patient for testicular tissue cryopreservation in appropriate candidates or initiate 
a rapid sperm banking referral. 

Many pediatric centers do not perform oocyte harvesting or oocyte/embryo cryo- 
preservation, thus it is necessary to have a relationship with a reproductive endocri- 
nologist familiar with oncofertility. They should be equipped to schedule urgent 
office visits to discuss the process of hormonal stimulation and oocyte harvest. 
Good communication is critical to maintaining the timeline agreed upon with the 
primary oncology team. 

A research coordinator is also a valuable member of the team. Ovarian and tes- 
ticular tissue cryopreservation are the only fertility preservation options available to 
prepubertal patients. Both methods of preservation are only performed under IRB- 
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approved research protocols. The research coordinator ensures all proper research 
protocols are followed and informed consent has been obtained. He or she ensures 
appropriate documentation, record keeping, and follow-up are performed. 

The team is not limited to the members detailed above. Other potential members 
might include a social worker to help identify community resources for financial 
aid, a member of the hospital ethics team to aid in complicated decisions, global 
health to ease cultural differences, and pastoral care to help patients and families 
work through religious concerns. A team psychologist can help families work 
through their thoughts about fertility preservation and the available options. 
Programs that plan to process their own specimens (testicular and ovarian tissue, 
oocyte, and embryo preservation) will also need to include team members from the 
laboratory who specialize in processing this tissue (Table 15.1). 


Oncofertility Consultation Process 


The oncofertility process begins when a patient initially presents to the oncology or 
bone marrow transplant (BMT) program for diagnosis and treatment of their under- 
lying disease. The primary oncology/BMT team contacts the fertility navigator to 
initiate the fertility consult and risk assessment. Initial consultation can occur by 


Table 15.1 Medical care team 


Primary medical team | Address diagnosis and treatment plan with patient and family 


Introduce the concept of impaired fertility from necessary treatment 


Pediatric oncology Specific oncologist(s) with interest in oncofertility. Works with 
oncofertility team and primary medical team to determine risk of 
impaired fertility with proposed treatment plan. Works with primary 
medical team to form timeline 


Pediatric and Addresses risk of impaired fertility with patient and family. Discusses 
adolescent gynecology | available fertility preservation options 


Performs surgery for ovarian tissue cryopreservation 


Pediatric urology Addresses risk of impaired fertility with patient and family. Discusses 
available fertility preservation options 


Performs surgery for testicular tissue cryopreservation 


Oncofertility Orchestrates communication between multiple disciplines involved in 
navigator consultation process 


Maintains timeline for fertility preservation procedures/treatment start 
date 


Participates in consultations with patient/family 


Helps navigate research process when applicable 


Research coordinator | Ensures proper research protocols are followed and informed consent 
obtained for all research based fertility preservation options 


Reproductive Provides services for oocyte harvesting and oocyte/embryo 
endocrinology cryopreservation. Provides laboratory for semen collection/storage for 
sperm cryopreservation 
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phone and communication via the electronic medical record or by e-mail. By creat- 
ing a separate specific e-mail address, the consulting team has an additional stream- 
lined way to reach our team. 

The goal of our oncofertility program is to see all patients new to the oncology 
and BMT division. However, we recognize that not every patient will be an appro- 
priate candidate for a discussion on fertility preservation. A patient may be deemed 
ineligible for the following reasons: 


* Diagnosed with malignancy but planned therapy consists of surgery/observation 
only 

* Presents for phase I therapy or palliative therapy only 

* Presented to CCHMC for second opinion/consult only (Table 15.2) 


If a new patient meets one or more of these criteria, we will meet with the primary 
medical team to discuss whether or not it is appropriate to approach the family 
about fertility preservation options. Certainly some families who seem ineligible by 
criteria alone have many questions regarding future fertility. Patients who are 
acutely ill at the time of presentation and require immediate oncologic treatment 
will have the fertility consult delayed until the patient's medical condition is stable 
and timing is appropriate. This decision is always made in conjunction with the 
treating medical team. Patients who have previously had a fertility consult (relapse, 
transfer of care) may have an abbreviated consult to ensure all fertility preservation 
needs have been met. 

Once a patient is classified as eligible, the fertility navigator contacts the oncofer- 
tility pediatric oncologist to perform the risk assessment. This physician will dis- 
cuss the proposed treatment plan (surgery, radiation, chemotherapy) and timeline 
with the primary medical team. He or she calculates a patient-specific infertility risk 
assessment (low, intermediate, high). This is done using a cyclophosphamide equiv- 
alent dosing (CED) calculation and radiation/surgical risk assessment with pub- 
lished dose guidelines [1]. 

The risk assessment is then communicated back to the fertility navigator and 
documented in the electronic medical record. She advises the gynecology/urology 
team of the consultation. The fertility navigator facilitates timing of evaluation and 
testing for the patient to ensure all parameters are met in accordance with the fertil- 
ity preservation and cancer treatment plan. In addition to the consultation with the 


Table 15.2 Exclusion criteria 


Exclusion criteria at time of presentation 


Presented for second opinion/consult only 


Presented for phase l/palliative therapy only - 


__ Diagnosed with malignancy however: —— mu 


|. Surgery only 


Observation only 
Consult deferred at time of presentation 
rui illürgent need to'start cancérdirected therapy 
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provider and fertility navigator, the patient and family receive written information 
on the fertility preservation options available to them. Many families would like 
time to think about their decision prior to making a final choice. Thus, the fertility 
navigator reconnects with the family after 24—48 h and then begins to coordinate 
any necessary procedures or referrals. The consult is completed and documented in 
the electronic medical record using a standardized format. The primary medical 
team is updated regularly throughout the process to maintain good communication 
and best care for the patient (Fig. 15.1). 


Laboratory Management 


Assessment of fertility at the time of evaluation informs patients/parents and the 
team about current fertility potential and allows informed decision making regard- 
ing possible next steps. Our oncofertility team requests baseline laboratory studies 
on all patients who receive a consult. We request that these be drawn prior to starting 
chemotherapy. It allows a frame of reference for post-therapy values, as there can be 
some interpersonal variability in normal levels. For females, this includes baseline 
AMH, FSH, and LH. For males, we request baseline testosterone. Anyone who 
elects to have a cryopreservation technique is required to have infectious disease 
testing for HIV, hepatitis B, and hepatitis C drawn before the sample is frozen. It is 
important to use an FDA-approved lab (Table 15.3). 


Care Managers 


Program New patient Fertility Consult Email 
Work-flow presents Process Started Oncofertility 
Navigator 


Candidate for 
fertility consult? 


Document 
reason 
ineligible 


Risk Assessment 
And 
Fertility consult 


Prepubertal Pubertal 


Female 


Testicular Ovarian Tissue Sperm Freezing 
Tissue Freezing Testicular Tissue 
Freezing Freezing 


Oacyte/Embryo 
Ovarian 
Freezing 


Fig. 15.1 Flow diagram of process 
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We do not have a laboratory for long-term storage of cryopreserved specimens at 
our institution. At this time, cryopreserved ovarian tissue at CCHMC is placed in 
shipping media and shipped offsite for storage. Patients who opt for oocyte and/or 
embryo cryopreservation receive those services (evaluation, hormonal manage- 
ment, and tissue processing) through an adult-based reproductive endocrinology 
(RED facility. We maintain a strong collaborative relationship with the adult team to 
allow timely referrals as well as research and quality improvement work. 
Transportation for sperm banking services is sometimes difficult for patients due to 
timing and/or medical conditions prohibiting travel. A private, onsite room for 
semen collection (not the patient’s hospital room) will help decrease anxiety and 
increase success rates. 

With our current relationship with the Oncofertility Consortium/NPC, the ovarian 
tissue for cryopreservation is sent to Northwestern for research purposes. Through 
the cooperation we were able to create an account to obtain tissue media for immedi- 
ate storage and processing. We initially sent the tissue to the REI lab with which we 
partner for oocyte/embryo management. However, this process proved challenging 
with OR timing changes, lab availability, and timely transport of tissue. 

We have since moved the tissue processing and short-term storage in-house. We 
partnered with our pathology laboratory colleagues to identify appropriately trained 
staff, space, equipment, and surveillance of the transiently stored tissue and storage 
tanks. Our entire team was trained in good tissue practices to ensure proper manage- 
ment and handling of human ovarian tissue. 

Minimizing transfer costs for cryopreserved tissue can be helpful. There is a 
transfer fee associated with shipping specimens to the long-term cryopreservation 
facility. It is a flat fee independent of the number of specimens that is passed along 
to the patient. Batching specimens helps to defray the cost to the patient by dividing 
it among multiple samples. 


Financial Concerns 


Unfortunately, since many insurance providers do not provide full coverage for fer- 
tility preservation services, it is important to include financial counseling as part of 
the initial consultation. Fees may vary by institution. In some cases, discounts may 


Table 15.3 Laboratory testing 


Female 


FSH 

Estradiol 
Male 

Testosterone 
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be available for some or all of the services. It may be advantageous to attempt to 
process claims through the insurance carrier, before collecting any potential pay- 
ment on the part of the patient. However, in order to store cryopreserved tissue for 
future use, payment is often due at the time of service. It is important to know the 
facilities and policies in your community to properly counsel families as they make 
their decision regarding fertility preservation. 

Financial assistance is available through programs such as Sharing Hope (www. 
livestrong.org), Fertility Within Reach (www.fertilitywithinreach.org), and Verna's 
Purse (www.reprotech.com). Many assisted reproduction facilities offer discounted 
services for oncofertility patients as well. We have also found that combining fertil- 
ity preservation procedure with other OR-related events (central line placement, 
etc.) when medically appropriate can help to bundle expenses and help to defray 
cost (Table 15.4). 


Shared Decision-Making Tool 


Most patients with a pediatric malignancy begin therapy very soon after diagnosis. 
The families receive a great deal of information in a very short and stressful time 
period. In addition to information about the diagnosis and therapy plan, they must 


Table 15.4 Potential cost to patient 


Consultation 
Initial fertility consult at CCHMC 
REI consultation for referred patients 


Fertility preservation intervention 


Sperm cryopreservation 
Collection fee 


Testicular tissue preservation 


Transportation fee if not performed at local institution 


OR/surgery/anesthesia cost if not covered under another procedure 


Oocyte/embryo cryopreservation 


Medication cost 


Procedural costs in retrieving oocytes 


Ovarian tissue cryopreservation 


Transportation fee if not performed at local institution 


OR/surgery/anesthesia cost if not covered under another procedure 


Storage fees 


Transportation to storage facility 


Yearly storage fee 
Future cost 


Tissue reimplantation 


In vitro fertilization 
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also process the information related to fertility risk and preservation. Employing 
written materials with the consultation may allow patients and families a resource 
for reviewing information in their decision making process. With the support of the 
Anderson Center for Health Systems Excellence at CCHMC, we developed a 
shared decision-making (SDM) tool. This gives the patient and family written 
information on risk and options in an easy to read format. It is easily reproducible 
so each family can keep their copy for future reference. The SDM tool is used to 
walk the family through the process of understanding the individualized risk to 
their child as well as the options available specifically to them. The tool also allows 
stratification of factors that will be important for patients and families to consider 
in making their decision. For example, factors such as timing, additional surgical 
risk, cultural importance of fertility, religious considerations, and cost are outlined 
in the tool. 


Documentation 


Patients who receive a fertility consult have the encounter formally documented in 
our electronic medical record (EMR). It becomes part of their official medical chart. 
We have created a separate category specific to our team (labeled fertility consult) 
so that it is searchable in the EMR. It is important to document the diagnosis, date 
of diagnosis, treatment plan, and expected risk of infertility from therapy. The note 
should also capture the patient age and pubertal status as this will significantly 
impact potential therapeutic options. The note should detail the discussion with the 
patient and family: fertility preservation options available to the patient and risk/ 
benefit of each. Finally, the note must communicate the next steps in the fertility 
preservation plan. If a family is uncertain as to how they would like to proceed, the 
note will state a timeline for follow-up. In this circumstance a follow-up note will 
be needed to document the decision and next steps in the oncofertility process. 
There are many steps to a complete fertility consult; thus it may be helpful to link 
the notes in the EMR, if possible. Our EMR allows grouping notes for ease in locat- 
ing information. We are also able to categorize our notes under a specific group title 
as mentioned above. 

Finally, a clinical database of consults is helpful. This can be maintained by the 
fertility navigator. This allows the team to track patients for follow-up during and 
after their cancer-directed therapy. Many times new questions arise and/or new 
options become available throughout the course of therapy. For example, a patient 
with acute lymphoblastic leukemia may be classified as low risk of infertility due to 
therapy at diagnosis but then experiences a relapse and requires a bone marrow 
transplant. He or she is now at high risk of infertility from the planned therapy and 
may opt to choose a fertility preservation method. In another example, females at 
risk of premature ovarian insufficiency who did not have time to undergo oocyte or 
embryo cryopreservation prior to beginning therapy may elect to do so after com- 
pleting therapy. 
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Communication and Institutional Awareness 


Pediatric oncofertility is becoming more common but is still relatively rare in prac- 
tice. Two of the greatest barriers are (1) not requesting the consult at all and (2) not 
initiating the consult in a timely manner. There are several ways one might address 
this issue: 


* [nitiating the consultation. An individual on the oncology team is designated as 
the person to initiate the consult on new patients. We have chosen to use our 
patient care manager (oncology navigator) for this role and added it to the check- 
list of our new diagnosis order set. This aligns the consult with our other new 
diagnosis consults and disease evaluation protocols. By relieving the primary 
oncologist from this obligation, it allows them to focus on their area of exper- 
tise — developing the best treatment plan for the malignancy. 

* Medical provider education. Health-care professional education is key. Frequent 
in-service meetings for staff and physicians will increase awareness and knowl- 
edge. This in turn increases the volume of consultations. Our institution also has 
disease-specific team meetings. Having a presence at these meetings has helped 
to increase education and awareness. 

* Ease of access. We have a designated e-mail: fertilityconsult@cchmc.org. Our 
patient care managers send new consult requests to this e-mail. It is checked 
several times per day by members of the fertility consult team. We also have a 
member of the fertility consult team on call at all times. The call number is listed 
along with the hematology/oncology/BMT call schedule. Consults may also be 
requested through the EMR. 

* Visibility. With the increasing use of technology among today's health-care con- 
sumers, online access is critical. We have a designated fertility preservation land- 
ing page within the hospital website (www.cincinnatichildrens.org). The page is 
also embedded within the oncology pages. It is easily accessible through the 
hospital search function as well as independent search functions under the title 
“Comprehensive Fertility Care and Preservation Program.” 

e Peer-to-peer information. Nothing emphasizes the credibility of information like 
someone who has already navigated the same stressful or overwhelming 
experience. Web-based video testimonials from current and former patients are 
available on our website for patients, families, and providers to review. 


Cultural Considerations 


Our hospital has become an international referral center for many conditions. It is 
important for team members to appreciate the beliefs of the different cultures and 
religions surrounding fertility, children, and afterlife. We work closely with our 
Global Health Division to understand regional customs prior to performing consul- 
tations. In addition, we make every attempt to provide written information in the 
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family’s native language and use an interpreter for all interactions. We have found 
that the importance of having one’s own biological child varies greatly by culture. 
By addressing this issue, we are able to properly acknowledge the future fertility 
concerns of our international families. This in turns educates our team and we gain 
a better understanding of fertility in each culture we encounter. 
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Chapter 16 

Optimal Technique for Laparoscopic 
Oophorectomy for Ovarian Tissue 
Cryopreservation in Pediatric Girls 


Erin Rowell 


For parents of a girl facing treatment that poses a threat to future fertility, the option 
of removal of one ovary now exists to cryopreserve the ovarian tissue prior to begin- 
ning the potentially sterilizing medical treatment. This option has an even more 
powerful impact, given the recent pregnancy achieved by a woman in Belgium after 
reimplantation of strips of ovarian tissue which had been cryopreserved when she 
was 14 years old [1]. The state of the science is such that for both premenarchal and 
post-menarchal girls, there is more hope than ever that these girls can have a bio- 
logically related child in the future and possibly achieve natural pregnancy. 


Preoperative Considerations 


For the pediatric surgeon who is asked to perform the oophorectomy, it is important 
to remember that treatment of the potentially life-threatening medical condition is 
the primary goal, both for parents and the medical team. Many children need to 
undergo routine procedures for insertion of central venous access, biopsies of 
tumors, lumbar puncture, and bone marrow biopsy, and the oophorectomy proce- 
dure is combined under the same anesthesia whenever possible. Our policy is to 
treat the oophorectomy as an urgent case, which is expedited as much as possible, 
so as not to delay medical therapy. The laparoscopic oophorectomy procedure is 
preferred whenever possible, although some patients with intra-abdominal or intra- 
pelvic tumors will require an open incision and perhaps oophorectomy during an 
initial tumor resection or debulking (Fig. 16.1). If the laparoscopic oophorectomy is 
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Fig. 16.1 Large 
rhabdomyosarcoma arising 
from the bladder in a 
5-year-old girl who 
required open 
oophorectomy during 
tumor debulking procedure 


combined with another procedure, the medical procedure is typically conducted 
first, followed by the oophorectomy. The patient is asked to void just prior to enter- 
ing the operating room, in order to avoid use of a Foley catheter. 


Operative Technique 


The details matter when removing an ovary for fertility preservation, even though 
the procedure itself is relatively straightforward. The laparoscopic approach typi- 
cally involves a 10 mm umbilical port to accommodate the endoscopic retrieval bag, 
which facilitates quick removal of the ovary from the patient's body once the final 
ovarian arterial blood supply has been divided. Two additional 5 mm ports are 
needed for the dissection, which most often include left lower quadrant and supra- 
pubic locations, for removal of the right ovary. This orientation is the same as that 
typically used for laparoscopic appendectomy, which is familiar to pediatric sur- 
geons [2]. The procedure begins with clear visualization of the uterus and both 
ovaries. This requires careful lifting of the fallopian tubes to view the entire ovary 
for any cysts or masses (Fig. 16.2). If both ovaries are normal, then dissection of the 
right ovary typically ensues, due to the laparoscopic orientation as described. If the 
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Fig. 16.2 Laparoscopic 
view of both ovaries and 
uterus in a 7-year-old 
pediatric girl 


left ovary is appropriate for removal, then the suprapubic port is eliminated in favor 
of a right mid-abdominal 5 mm trocar. At times, both 5 mm ports are positioned in 
the left or right abdomen (opposite from the ovary), particularly in very young 
patients (Fig. 16.3). 

In infants and pre-adolescent girls, the ligament of the ovary is long, the mes- 
ovarium is typically narrow, and the fallopian tube is located very close to the ovary, 
all of which increase the possibility of burn damage if the mesovarium is divided 
(Figs. 16.4 and 16.5). In these youngest girls, the mesovarium of the broad ligament 
between the ovary and the fallopian tube is grasped, and the fallopian tube is divided 
using the harmonic scalpel, at the isthmus, the location where it joins the uterus [4]. 
Our team prefers salpingo-oophorectomy in very young girls, since the excision of 
the ovary alone often requires handling the ovary or using the harmonic scalpel too 
close to the ovarian capsule, resulting in 2-3 mm of tissue burn damage that is vis- 
ible microscopically. In peri-pubertal girls and in teenagers, the mesovarium may be 
wide enough to provide a safe plane of dissection between the ovary and fallopian 
tube, without need for concomitant salpingectomy (Fig. 16.6). The goal is complete 
dissection with no-touch technique of the ovarian capsule. Dividing the fallopian 
tube and working from a medial to lateral orientation, the broad ligament is divided 
(Fig. 16.7). The ovarian artery with the suspensory ligament of the ovary is divided 
last, which preserves the main arterial blood supply to the ovary during the entire 
dissection and until the last possible moment (Figs. 16.8 and 16.9). The ovary is 
then quickly placed in an endoscopic retrieval bag and removed through the umbili- 
cal incision. The operating room team is verbally coached that the blood supply will 
be divided so that the team is ready. A 5 mm piece of the ovary is sharply removed 
and then submitted to the anatomic pathology lab as a routine specimen. The ovary 
is then placed into the cryopreservation media as quickly as possible after division 
of the ovarian artery. Our goal is for the ovary to be placed in the cryopreservation 
media in less than 2 min after the severing of the ovarian arterial supply, which 
guarantees the healthiest follicles possible. 
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Placement of Laparoscopic Ports 


5 or 10 mm 


Infant Pre-adolescent Adolescent 


Fig. 16.3 Laparoscopic trocars for oophorectomy, in infant, pre-adolescent and adolescent girls. 
The monitor is located at the foot of the bed 


Fig. 16.4 Long ovarian 
ligament and narrow 
mesovarium in pediatric 
girl 


Fallopian tube 


Mesovarium 


Fig. 16.5 Anatomic image of narrow mesovarium in a pediatric girl 
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Fallopian tube 
Mesovarium 


Harmonic Scalpel 


Fig. 16.6 Anatomic image of harmonic scalpel dividing the mesovarium at the isthmus, working 
from medial to lateral 


Fig. 16.7 Intra-operative 
photo of mesovarium and 
small ovary in a 2 yo girl. 
The red arrow indicates 
the plane of incision for 
the mesovarium. This 
ovary measured 2 cm 

in size 


Particularly for the youngest pediatric patients with very small ovary size, the 
attention to detail during the oophorectomy ensures that the maximum amount of 
ovarian tissue is available for preservation. Even small areas where the heat source 
is too close to the ovarian capsule can have catastrophic burn effects on the tissue, 
damaging many follicles in the process. The maintaining of the ovarian arterial 
blood supply until the very end of the dissection is crucial in all patients but par- 
ticularly in younger patients with smaller vessels. In the adult literature, the endo- 
GIA stapler has been used to divide the ovarian blood supply and surrounding 
tissue, thus eliminating the need for any heat source during the dissection [5]. 
However, in pediatric patients this can be problematic for several reasons: (1) need 
for a 12 mm trocar to accommodate the stapler and (2) small size of the pelvis in 
young girls which makes manipulation of the stapler difficult. Another report of 
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Fig. 16.8 The ovarian 
artery is the last structure 
to be divided. (marked 
with asterisk) 


Fig. 16.9 Laparoscopic 
intra-operative photo of a 
small ovary in a 2 yo girl. 
The ovarian artery is the 
last structure to be divided 


laparoscopic ovarian tissue collection in the pediatric age group describes partial 
oophorectomy of both ovaries, using a heat source to coagulate the cut surface of 
the ovary [3]. We do not recommend this approach because of simultaneous dam- 
age to both ovaries and to risk of hemorrhage from the bilateral raw surfaces of the 
ovary. Particularly in very young preadolescent patients, the ovaries are small and 
partial oophorectomy would risk damaging both the excised ovarian tissue and the 
remaining ovary left in situ. 
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Summary 


The laparoscopic oophorectomy procedure is a safe, proactive option for pediatric girls 
facing medical treatment with a high risk of fertility loss. The recommended approach 
is mono-lateral oophorectomy or salpingo-oophorectomy, maintaining the major sal- 
pingo-oophorectomy, maintaining the major ovarian blood supply until the end of the 
dissection, and rapid placement of the tissue into the cryopreservation media. 
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Chapter 17 
The Fertility Preservation (FP) Consult 


Barbara Lockart 


The pace of pediatric oncology moves quickly, especially at the time of a cancer 
diagnosis. Families are overwhelmed by the diagnosis of a life-threatening illness in 
a previously healthy child and they are inundated with information. Counseling a 
family on FP may not be an initial priority at the time of diagnosis, and, fortunately, 
the majority of childhood cancer survivors are not at risk for infertility [4, 21]. For 
those patients receiving treatment which may harm future fertility, counseling 
regarding the impact of treatment on fertility and preservation options prior to ini- 
tiation of cancer therapy is important. For patients at risk for compromised fertility, 
the evidence supports a discussion regarding the risk of infertility and FP options 
prior to treatment initiation is extremely important [17, 20]. 

Educating families regarding side effects of treatment is a responsibility of both 
nurses and physicians. Fertility preservation as a patient right is supported by the 
American Society of Clinical Oncologists (ASCO), the American Society for 
Reproductive Medicine (ASRM), the American Academy of Pediatrics (AAP), and 
the Association of Pediatric Hematology and Oncology Nurses (APHON). These 
professional organizations support patient access to FP prior to treatment, as well as 
the need for ongoing emotional and physical support once treatment is completed 
[1, 5, 9, 14]. Current recommendations from ASCO, ASRM, AAP, and the nursing 
committee of the Children's Oncology Group (COG) endorse offering sperm bank- 
ing to all adolescent and young adult males receiving cancer treatment. Oocyte har- 
vesting is no longer considered to be experimental and should be discussed prior to 
treatment initiation with adolescent and young adult female patients at high risk for 
infertility [1, 9, 10, 14]. Nonexperimental methods of FP may not be available to a 
patient because of age, urgency to start treatment, or disease process. In such cases, 
the healthcare team is obligated to explain to families that experimental methods 
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such as ovarian or testicular tissue cryopreservation may be an option for their child. 
Referral to an institution offering FP should be made as the family wishes. 

The FP consult not only includes counseling with the patient and family but also 
with the oncology team, who are often unfamiliar with reproductive medicine tech- 
nology. Conversely, reproductive medicine teams do not routinely encounter a criti- 
cally ill pediatric or adolescent patient. The reproductive medicine team may require 
assistance in providing developmentally appropriate care to patient, as well as car- 
ing for the entire family at a time of great stress. Utilization of a nurse or patient 
navigator to facilitate the coordination of patient care between the primary oncology 
team and reproductive medicine specialists is key to successfully caring for patients 
and families throughout treatment and into survivorship. 


The Primary Treatment Team 


The FP referral is often initiated by the patient's primary oncology team, either as a 
standard component of the new diagnosis workup or at the request of the family. 
Despite professional guidelines from ASCO and the AAP, research shows that many 
patients, especially female patients, are not satisfied with FP discussions prior to 
treatment [6, 8, 22]. Barriers to FP include healthcare provider discomfort with 
patient sexuality, cultural and religious influences, lack of knowledge regarding FP 
options, and concerns regarding the cost of FP [18]. A fertility preservation consul- 
tant is able to provide the family with FP information and allows the oncology team 
to focus on supporting the family through the new diagnosis discussion. 

The fertility preservation consultant must meet with the primary team prior to 
counseling the patient and family. Information regarding diagnosis, medical and 
surgical history, Tanner stage, relapse information, planned cancer treatment, as 
well as previous cancer treatment is vital to assess the patient's risk of infertility. 
Another key component to counseling families is information regarding religious or 
cultural influences, family literacy level, preferred language, and any discussions 
the treatment team had with families regarding FP. A consult order in the electronic 
medical record formalizes the referral process and allows the FP team to track the 
number of patients referred to the service. 


Assessing Risk of Infertility 


A comprehensive medical history and physical exam, including Tanner staging, 
should be performed. Review of the treatment plan to assess risk of infertility is 
vital. If the patient is eligible to enroll in a research study, determination of patient 
eligibility to participate based upon planned treatment is required and should be 
verified prior to discussing FP options with families. The risk of infertility must be 
weighed with the cost, potential delay in treatment, cultural and ethical concerns 
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regarding assisted reproduction, and the health of the patient. The cyclophospha- 
mide equivalent dose [13] has increasingly been used to estimate the potential risk 
of infertility due to alkylating agent exposure. When estimating the likelihood of 
infertility, previous chemotherapy, radiation, and surgeries must be included in the 
risk assessment. 


Fertility preservation medical history 


Family medical history 


Genetic disorders 


Cancer syndromes 
Reproductive/sexual health 


Biological children 


Sexual transmitted infections 


Sexual activity 


Partners — male, female, both 


Age at intercourse 


Number of partners 


Type of sex — oral, vaginal, anal 


Puberty history — females 


Tanner stage 

Libido 

Menstrual history 
Age menstruating began 
LMP 


Frequency and duration of cycles . 


Pregnancies 
Number 


Terminations 


Puberty history — males 


Tanner stage 


Nocturnal emissions — age 


Erectile dysfunction 
Libido 


Counseling Children and Adolescents 


Information families provide their children on the topics of sexuality and reproduc- 
tive biology varies widely [15]. Healthcare providers counseling families on the 
topic of fertility preservation cannot assume either the parents or the patient possess 
an understanding of basic reproductive biology. Therefore, any discussion on fertil- 
ity preservation must include an explanation of puberty, reproductive health, preg- 
nancy, menopause, and hormone regulation. Information provided to the patient 
should be developmentally appropriate and determined by the patient’s age, 
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cognitive ability to grasp the topic, and maturity level. Initiation of fertility preserva- 
tion or reproductive health following cancer treatment is more successful if a health- 
care provider begins the discussion [22]. Open-ended questions such as “have you 
thought about being a mom or dad in the future" provide the patient the opportunity 
to express a vision of their future in a developmentally appropriate manner. Many 
pediatric hospitals employ child life therapists who are able to assist both the parents 
and the healthcare team to use developmentally appropriate language to explain 
reproduction and any FP procedures the patient might undergo. 

There is never a “good time" to discuss the risk of infertility with a cancer patient, 
but waiting until after the initiation of treatment is not optimal and may mean FP is 
no longer feasible. The concepts of patient autonomy and informed decision making 
require the patient and family to be provided with the information needed to deter- 
mine if fertility preservation is a viable option as early as possible. Armuand et al. 
[3] report adult female cancer patients not provided information on FP options 
described a loss of control and report a greater sense of loss than male cancer 
patients. The researchers also state healthcare providers' assumptions about a 
patient's desire for FP rob the patient of autonomy. 

During the course of the diagnosis and treatment discussions, the healthcare 
team reviews all potential side effects of treatment. A fertility preservation coun- 
selor or patient navigator is often the best professional to provide the patient and 
family information on FP options as well as reproductive health during and follow- 
ing treatment. The impact of treatment on reproductive health and sexuality should 
also be included in the discussion. For example, a male patient at risk for retrograde 
ejaculation due to a reproperitoneal lymph node dissection should be informed of 
these side effects prior to surgery. Even patients whose treatment plan confers a low 
risk of infertility should be informed that treatment is unlikely to impact future 
reproductive health. 

Parents of young child may prefer to discuss FP without their young child pres- 
ent and may seek guidance from the healthcare team on how and when to begin the 
discussion with their child. Ask the parents if they wish to discuss FP with their 
child or if a discussion led by the healthcare team is desired. Children can feel unte- 
thered if the adults around them are not providing information in an attempt to 
protect the child; therefore, it is important for the adults to structure the discussion, 
allow the patient to express concerns and fears, and have the parents and healthcare 
team respond to those concerns and fears. How adults respond to the child is more 
important than what is said [2]. A pediatric social worker or child life specialist may 
be helpful in providing the patient developmentally appropriate information. 

It is best to begin with a basic explanation of reproduction, given in the patient 
and family's native language. Reassuring the patient that puberty and reproduction 
are a normal part of the human experience is vital. Quizzing the child is counterpro- 
ductive and may inhibit any discussion on FP. Allowing the patient and family to ask 
questions is important, as well as giving them time to process the information pro- 
vided. Patients may not be familiar with medical terms such as masturbation, oocyte, 
or testicles, requiring the healthcare provider to use slang terms to provide context 
to the discussion. Medications, stress, cognitive delays, language, fatigue, and cul- 
tural barriers may impact comprehension of the topic. The complex nature of the 
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Table 17.1 Guidelines for ^ Guidelines for counseling families 
counseling families 


1. Set the environment to allow for a private discussion 
2. Lead the discussion mE uM 
3. Do not assume the patient or family has knowledge of 
reproductive biology 
4. Allow time to process information and formulate questions 
5. Do not allow the parent to speak for the child | 


6. Do not assume a patient's silence means a lack of interest in 
the topic 


topic, as well as the seriousness of the cancer diagnosis, may necessitate several 
meetings with the family to adequately cover the topic. Do not assume that a child 
who is silent during the discussion is not paying attention or is not curious about the 
topic — embarrassment, fear, or anxiety may prevent him or her from engaging in a 
dialogue. Conversely, do not allow a parent to dominate the conversation or speak 
for the child (Table 17.1). 

Adolescence is often divided into three distinct phases of development. Therefore, 
counseling adolescents on reproductive health and FP is quite different than younger 
children. Early adolescence is from 11 to 13 years, middle adolescence is 
14—16 years, and then late adolescence is 17—21 years of age [19]. Cognitive, emo- 
tional, and developmental needs of each stage of adolescent development influence 
how sensitive information such as FP is communicated with the patient. 

Physical development does not correspond to the emotional and cognitive 
changes occurring during this time. A physically mature 14-year-old may be a con- 
crete thinker, not quite able to grasp the significance of the decision to proceed with 
FP. If desired, the adolescent should be given the opportunity to discuss reproduc- 
tive health and FP without parents present. To avoid any conflict between the ado- 
lescent and parents, the healthcare provider asks the adolescent if he or she wishes 
to have a parent or both parents present during the FP consult visit. This establishes 
that the adolescent is the patient and not the parent(s) (Table 17.2). 


Discussing Cost, Consent, and Disposal of Tissue in Event 
of Death 


In addition to counseling families on risk of infertility and FP options, families need 
to be informed of the cost of FP, the consent process, and tissue disposal. These 
topics may be even more sensitive for families than FP. Children may worry about 
the cost of FP and decline due to concerns of cost or financial burden to the family. 
The decision on what happens to tissue or sperm in the event of the patient's death 
may be influenced by religion or culture. These are sensitive topics and for most 
families should not be discussed in the presence of a minor child. The healthcare 
provider must not allow assumptions regarding a family's socioeconomic level, cul- 
ture, or religion to influence what information a family is given. A 2014 study 
examining adult male survivors of childhood cancer and their parents identified 
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Table 17.2 Sexual and developmental milestones of adolescents? 


Early adolescence 10-14 


Middle adolescence 15-17 


Late adolescence 18-21 


Puberty initiated 


Puberty completed or near 
completion 


Puberty completed 


Sexual identity emerging 


Recognition of sexual 
identity and desires 


Accepting of sexual identity 


Concern about being normal 


Physical appearance and 
sexuality important 


Sense of self-development 


Masturbating or sexual 
exploration is common 


Sexuality can be seen as 
expression of romantic 
interest 


Comfortable with arousal and 
sexuality, may have multiple 
partners by this time 


Socializing with peers in 
groups — group dates 


Peers important, dates 
may now be individual 


Romantic partner(s) 


Parents important, but other 
adults — coaches, teachers, 
etc., significant 


Relationships outside of 
family becoming more 
important 


Life experiences beyond 
family — work, college 


Beginning to develop 
executive functioning skills 


More abstract thinking — 
able to interpret 


Logical and abstract thinking — 
able to plan for future, set goals 


information 


*Adapted from NSVRC.org [16] 


many themes regarding FP decisions at the time of diagnosis. Cost of FP was not 
identified by any parent as a factor influencing their decision making at the time of 
diagnosis [20]. 

Consent for medical procedures and research is guided by both legal and ethical 
principles. In the United States, the age of consent is typically 18 years of age. An 
adolescent may be asked to provide assent for medical procedures. Participation in 
experimental and standard of care fertility preservation requires both parental con- 
sent and adolescent assent. Maintaining the adolescent's "independence and 
enabling supportive collaboration with parents" is vital [12]. When enrollment in a 
research study is sought, the adolescent patient's refusal to assent to the study 
should supersede the parent's consent to study enrollment [11]. Consent and assent 
documents must include what will be done with the tissue or sperm in the event of 
death. When a minor child reaches the age of 18, the tissue or sperm bank must 
consent the patient. 


Fertility Preservation and Sexual Health Counseling 
After Treatment Is Completed 


Optimal care of childhood cancer patients includes educating and informing them 
of sexual and reproductive health issues throughout their developmental stages and 
lifespan. Patients treated for cancer prior to the start of puberty should be monitored 
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for precocious or delayed puberty. Anticipatory guidance includes discussing how 
treatment may or may not impact sexual development and fertility throughout all 
phases of treatment, including survivorship. For example, parents of a child diag- 
nosed with cancer at the age of 4 may not be concerned about pubertal development 
until their child is approaching puberty. As the patient matures, information is pro- 
vided in a developmentally appropriate manner. Patients should be given the oppor- 
tunity to discuss sexual health and reproductive issues, including contraception, 
without parents present, regardless of the patient's age. 

Ongoing monitoring of hormone levels such as testosterone or estradiol may be 
indicated for patients who received gonadotoxic treatment. The Children's 
Oncology Group Survivorship Guidelines provide recommendations for monitor- 
ing reproductive health of childhood cancer survivors post treatment. These guide- 
lines may be incorporated into counseling patients [7]. Fertility preservation 
following cancer treatment may be appropriate after completion of cancer treat- 
ment for females who are at risk for premature menopause. Healthcare providers 
should review FP options following treatment with patients. Additionally, examin- 
ing options such adoption, use of donor oocytes or sperm, or gestational carrier 
should be discussed with adult survivors of childhood cancers who are infertility 
due to treatment. 


Conclusion 


Counseling patients and families on the topic of FP starts at the time of diagnosis 
and continues throughout the care trajectory. Discussions include not only FP 
options available but also reproductive health and parenting options. Healthcare 
providers should not wait for families to initiate a conversation on the topic of 
FP. Reassurance that this is a normal part of the human experience and important to 
the care of any cancer patient is vital. For families struggling emotionally with con- 
cerns about their child's future fertility, utilizing other services such as social work, 
chaplain services, or child life therapists will provide both information and emo- 
tional support to families during a very difficult time. 
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Chapter 18 
Ethical Issues in Pediatric and Adolescent 
Fertility Preservation 


Lisa Campo-Engelstein and Diane Chen 


Introduction 


According to recent estimates, there are more than 270,000 survivors of pediatric 
cancer and long-term survivorship for pediatric cancer is around 80% [28]. Given 
the large number of survivors as well as the high survivorship rate, coupled with the 
fact that pediatric cancer survivors typically have a full lifetime ahead of them, it is 
increasingly important to examine their quality of life issues. Our goal in this chap- 
ter is to highlight some of the ethical issues that arise in the context of fertility 
preservation for pediatric cancer patients and survivors. Specifically, we explore 
assent/consent, best interest standard, parental and provider pressure, cost and 
insurance coverage, and experimental treatment. 


Assent/Consent 


There is general consensus that patients have a right to know about their health sta- 
tus, the available diagnostic and treatment options, and their associated risks and 
probable benefits and to choose freely among the options, including declining treat- 
ment [1]. Informed consent is the interactive process by which physicians and 
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patients communicate about a given clinical situation and treatment options, con- 
cluding with the patient providing treatment authorization or declining treatment. 
When the patient in question is a child or adolescent, a complicating factor can be 
uncertainly about decisional capacity. The ability to consent to or refuse treatment 
is based on the presumption of capacity, which refers to the cognitive and develop- 
mental ability to (1) understand treatment information, (2) appreciate the situation 
and likely consequences, (3) weigh treatment options, and (4) reach a decision [2, 
3]. Among adults, capacity is assumed, unless through disability or disease, their 
decision-making ability is compromised. Children and adolescents, on the other 
hand, are presumed to lack capacity. Moreover, young people under the age of 18 
are not considered legally able to give valid consent to medical treatment in the 
United States, with the exception of categorical issues such as birth control, abor- 
tion, and drug treatment and only on a state-by-state basis. In cases involving minors, 
parents can give proxy consent to medical procedures which are considered to be “in 
the best interests" of their child. 

Despite this legal standard, the American Academy of Pediatrics has long main- 
tained that children and adolescents should be involved in a process of assent to 
treatment *to the extent of their capacity" [1]. In their seminal study, Weithorn and 
Campbell [4] compared decision-making capacity among four age groups (9, 14, 
18, 21 years) on outcome measures specifically designed to reflect the four legal 
standards of competency. At age 9, youth were less competent than adults in terms 
of ability to reason about and understand treatment options. However, these youth 
did not differ from adults in expressing a reasonable preference regarding treatment. 
By age 14, youth demonstrated the same level of competency as the two adult 
groups across the four competencies. Authors concluded that children as young as 
9 years old appear able to participate meaningfully in personal healthcare 
decision-making. 

Assent is a means of involving minors in treatment decisions. Like informed 
consent, assent is an interactive process, occurring between a minor and a physician, 
and involves developmentally appropriate disclosure of the minor's clinical situa- 
tion and an assessment of the minor's willingness and preferences regarding treat- 
ment [1]. The commonly accepted definition of assent is as a minor's agreement to 
participate in a given treatment. Assent sets a lower standard of capacity than 
informed consent in that it does not require the depth of understanding or reasoning 
required to meet the informed consent standard [5]. Within the medical decisional 
capacity literature, there is consensus that all children and adolescents should be 
involved in discussions and decisions regarding their healthcare, appropriate to their 
understanding and maturity [6], and that as treatment decisions become increasingly 
subjective, youth should be afforded the opportunity for greater involvement [7]. 

Navigating consent and assent procedures for fertility preservation treatments in 
pediatric populations is very complex and generally viewed as a multistep process. 
The first part of the consent/assent process involves introducing the possibility of 
fertility preservation through gonadal harvesting and storage, which would occur at 
the time of cancer diagnosis. At this stage, the focus is on whether the proposed 
procedures to preserve fertility in children and adolescents serves their best interests 
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[8]. The second part of the consent process focuses on the disposition of the stored 
tissue, which is reserved for youth once they reach the age of majority. The focus at 
this stage is the desires of the now-grown youth to make their own decisions regard- 
ing reproduction [8]. 

Ideally, the decision to pursue fertility-preserving treatments would involve joint 
decision-making between parents and age-appropriate youth. During the consent/ 
assent process, the procedure for procuring gonadal tissue, experimental nature of 
procedures, and the relevant physical and psychological risks should be discussed. 
If both parents and youth capable of giving assent agree to pursue fertility-preserving 
treatments, then treatment can be provided. Where issues arise is when there is dis- 
agreement between parents and youth. Because ovarian and testicular tissue cryo- 
preservation in children is considered experimental, it is subject to federal regulations 
requiring parental consent for minors. Without parental consent, participation is not 
possible, even when a minor has the capacity to understand consequences of partici- 
pation. On the other hand, parents may desire fertility-preserving treatments for 
their child in the context of their child's dissent. In this case, according to medical 
guidelines, if a minor is judged to have capacity, she or he is entitled to the same 
degree of autonomy as an adult patient [1]. Thus, the competent minor's decision 
should be binding [1]. In the case of immature minors with developing capacity or 
capacity to provide assent, disagreements between parents and youth should be 
mediated through consultation [1]. 


Best Interest Standard 


When adults with decision-making capacity temporarily or permanently lose capac- 
ity, the healthcare proxy is supposed to rely on the substituted judgment standard, 
which means using the values of patient to determine what she would want if she 
had the capacity to make her own decisions. Because children, especially young 
children, may not have developed a robust value system, it is difficult and some- 
times not possible to use the substituted judgment standard for them. Instead, par- 
ents/guardians and healthcare providers should use the best interest standard, which 
requires acting in the best interest of the child rather than looking at the value sys- 
tem of the child or the child's parents/guardians. Is pursuing fertility preservation in 
the best interest of a child with pediatric cancer? 

Some ethicists argue that since children are not able to make certain decisions for 
themselves now, their parents/guardians should have an ethical responsibility to 
ensure that certain rights are protected so they can autonomously make their own 
decisions when they reach adulthood. Joel Feinberg refers to these as “rights-in- 
trust" [13] that will protect the child's right to an open future. Some have claimed 
that fertility preservation is a right in trust that allows children an open future, one 
that includes the possible genetic reproduction [15, 25]. Fertility preservation 
enhances children's future (adult) autonomy by providing them with the option of 
genetic reproduction, which may have been otherwise eliminated due to cancer 
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treatment. Genetic parenthood is an important goal for many young cancer survi- 
vors [29], which is why it is especially important to preserve it. 

In addition to promoting autonomy, fertility preservation for pediatric cancer 
patients also can prevent harm (the ethical principle of nonmaleficence). Adolescent 
cancer patients have reported that their fertility is connected to their sense of iden- 
tity and lack of control over it causes distress [11]. Indeed, infertility can signifi- 
cantly affect mental health and this is particularly the case for women. Women 
experiencing infertility are twice as likely to be depressed as fertile women, and 
many of them report levels of psychological distress comparable to women with 
life-threatening conditions [32]. Some adult cancer survivors view fertility preser- 
vation as a symbol of optimism and source of “frozen hope" that contributes to their 
wellness and survivorship [20, 26, 30]. Fertility preservation in the pediatric popula- 
tion may function similarly: providing hope, easing anxiety regarding fertility, and 
upholding reproductive autonomy [8]. 

Some who may think fertility preservation is in the best interests of pediatric 
cancer patients may believe that not choosing fertility preservation is therefore nec- 
essarily unethical. McDougall, for example, argues that we should shift our frame- 
work from offering fertility preservation to pediatric and adolescent patients to 
making fertility preservation a rebuttable presumption based on the aforementioned 
benefits of fertility preservation [23]. Given that fertility preservation can augment 
future reproductive autonomy, one could argue that not pursuing fertility preserva- 
tion is not only unethical but also equivalent to sterilization. A response to this claim 
is that not choosing fertility preservation should not be conflated with sterilization 
since the intentions behind these two actions are different and the former is an act of 
commission and the latter an act of commission. Furthermore, it is important to 
incorporate the medical facts here: fertility preservation, especially for experimental 
procedures, is not a guarantee of future genetic reproduction, and some cancer sur- 
vivors who do not undergo fertility preservation are still able to genetically repro- 
duce. Since fertility preservation does not assure genetic reproduction and it can 
carry medical risks, it may not make sense for all pediatric patients, especially if the 
patient is already very ill and there is no time to delay cancer treatment or if the 
fertility preservation procedure increases the risk of cancer spreading or recurring. 
In short, parents/guardians may have good reasons for choosing not to pursue fertil- 
ity preservation for their children, and these decisions can be based on the best inter- 
est standard. McDougall recognizes that in some cases the potential harms of fertility 
preservation outweigh its benefits, but asserts that it should be the default option for 
postpubertal pediatric cancer patients who can safely use established methods [23]. 


Parental and Provider Pressure 


One of the ethical issues for pediatric and adolescent fertility preservation is whether 
pediatric cancer patients feel pressured by their parents/guardians to undergo fertility 
preservation treatment and to use their frozen materials later on. Even when parents/ 
guardians are acting in their child's best interest, by choosing fertility preservation 
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treatment, they may be sending the message that they have an expectation to be 
genetic grandparents. The efforts and expenses of fertility preservation may lead 
children to believe they have an obligation to use their frozen materials. The pressure 
and guilt they may feel could inhibit their autonomy. For instance, children may feel 
like they have to use their frozen materials otherwise they will betray their parent/ 
guardians and their decision to pursue fertility preservation for them. 

In addition to experiencing parental pressure, children may also feel pressured 
by healthcare providers to undergo fertility preservation treatment. Children may 
interpret healthcare providers' discussions about fertility preservation not as an 
option but as a mandate [24]. It is important to the tailor fertility preservation con- 
versations with pediatric and adolescent patients to them and the specific challenges 
and concerns they face [31]. For instance, age-appropriate information should be 
available that explains fertility preservation as a possible treatment method. 

In the case of pediatric and adolescent cancer patients, perceived parental and 
provider pressure can especially worrisome given the dominant social norm that 
associates womanhood with motherhood [24]. There is a strong cultural belief that 
girls and women innately desire genetic children [33] and women who do not are 
considered "deviant" [19]. Parent/guardians and healthcare providers suggesting 
and pursuing fertility preservation may indicate to pediatric and adolescent cancer 
patients that genetic motherhood is expected of them. 

While certain degrees or types of parental pressure may not be healthy, it is prob- 
ably not possible (or desirable) to completely avoid any parental influence on chil- 
dren. Parents' values strongly shape their children's values and these values often 
stay with them in adulthood [22]. Teasing apart parents' values and children's values 
may be challenging—a common problem in proxy decision-making. It is also worth 
noting that parental pressure is not unique the fertility preservation context. Parents 
invest time and money to overtly and covertly influence their children's decisions in 
a particular direction. Quinn et al. [25] provide the example of how parents contrib- 
ute pretax dollars to education funds that can only be used for their children's col- 
lege education. Parents contribute to these funds with the expectation that their child 
will attend college. Children's knowledge of these funds may make them feel pres- 
sured to attend college even if they do not want to. The examples of college funds 
and fertility preservation show that parents allocate their resources in ways that they 
believe are in the best interests of their children with the hopes that their children 
will follow the paths they have laid out for them. Although knowledge of college 
funds and fertility preservation treatment may cause some children to feel pressure, 
ideally the goal of these actions was to enhance the child's future autonomy by cre- 
ating opportunities that can ensure them an open future. 


Cost and Insurance Coverage 


As has been discussed in the adult fertility preservation context, fertility preserva- 
tion can be quite expensive and insurance companies generally do not cover it [9, 
10]. Annual storage fees for frozen gametes can hundreds of dollars a year [34] and 
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can quickly add up in the case of children since they will typically store their gam- 
etes for much longer than adults. Some have argued that insurance companies should 
cover fertility preservation because it is not different from other treatments for iatro- 
genic conditions currently covered for cancer patients [10]. For example, insurance 
covers other quality of life treatments such as breast reconstructive surgery follow- 
ing mastectomy and wigs for alopecia. Like these treatments, fertility preservation 
is not lifesaving but can dramatically improve quality of life; as previously men- 
tioned, infertility can lead to depression, anxiety, and distress. Since much of medi- 
cine today focuses on improving quality of life for those with a variety of 
non-life-threatening conditions (e.g., poor vision, back pain, seasonal allergies, 
sexual dysfunction, etc.), it does not make sense to exclude fertility preservation on 
the basis that it is not life saving. 

However, the question of whether fertility preservation for pediatric cancer patients 
is a just use of finite healthcare resources can be raised for other reasons. Some are 
concerned about the high costs of assisted reproductive technologies (ART): one 
cycle of IVF is on average $12,400 (Resolve) and estimates for ovarian tissue cryo- 
preservation range from $5,000 to $30,000 [25]. While ART are indeed expensive on 
the individual level, on the broader social level, they are not: they account for only 
0.06 % of the total healthcare expenditure in the United States [35]. Excluding fertil- 
ity preservation from insurance coverage leads to the justice concern that only certain 
individuals will be able to afford it, probably the same demographic as the primary 
users of ART: white, educated, and middle and upper class [16]. While 14 states have 
mandates requiring insurance companies to cover infertility treatments, there are no 
similar laws for fertility preservation [9]. 

There is some anecdotal evidence that insurance companies have covered fertil- 
ity preservation, but in such cases the individuals were typically aided by a patient 
navigator and/or were extremely medically savvy, again, individuals probably 
belonging to the same demographic as those using ART [10]. This is a justice issue, 
as fertility preservation is likely to be limited only to those who can pay out of 
pocket for it. Given the high cost of fertility preservation procedures, some non- 
profit organizations like the Oncofertility Consortium and LIVESTRONG Fertility 
Discount Program (http://www.livestrong.org/we-can-help/fertility-services/) offer 
grants and discounted rates for fertility preservation procedures for cancer patients. 
However, these grants and discounts are usually limited to the initial fertility pres- 
ervation and sometimes the storage fees, but generally do not include the cost of 
thawing and implanting the frozen gametes. 


Experimental Treatment 


Adult and postpubertal cancer patients have two established fertility preservation 
methods to choose from, gamete cryopreservation and embryo cryopreservation. In 
contrast, there are no established fertility preservation methods for prepubertal chil- 
dren; rather, the available method for prepubertal children is gonadal tissue (ovarian 
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or testicular) cryopreservation, which is considered experimental for both girls and 
boys [23]. While some experts recommend removing the experimental label for 
ovarian tissue cryopreservation, its success (i.e., the birth of over two dozen babies 
through this method) is limited to postpubertal females [12]. 

Experimental treatment in general, especially in vulnerable populations like chil- 
dren, raises ethical concerns. In the case of experimental fertility preservation for 
pediatric cancer patients, there is the concern that the procedure exposes more risk 
than the possibility of benefit. Gonadal tissue cryopreservation involves surgical 
risks, which are small but can be serious, and the possibility of spreading the cancer, 
depending upon the type of cancer the patient has. Some parents/guardians and 
pediatric patients may find these risks too great in light of the uncertainty of whether 
gonadal tissue cryopreservation will lead to genetic children in the future. Yet there 
have been tremendous advancements in this area, and some experts are optimistic 
that experimental treatments will work in the future [17, 18]. McDougall argues that 
there is a strong case for parental discretion for prepubertal fertility preservation 
since the benefits are speculative and there are physical risks [23]. 

Psychological risk can also be present in experimental treatments. False hope is 
a type of psychological risk that occurs when patients are misled about the possibil- 
ity of success for a particular treatment. False hope can be exacerbated in the case 
of experimental treatment since the experts are less certain of the likelihood of suc- 
cess for that treatment and since there may be a conflict of interest in recruiting 
people to participate in an experimental procedure and providing full disclosure. 
However, false hope can occur in any area of medicine and can be mitigated by good 
informed consent. Moreover, not preserving one's child's fertility can also lead to 
psychological risk in that the child may think her parents/guardians are not looking 
out for her best interests and her future reproductive autonomy [23]. 


Conclusion 


Fertility preservation is an important quality of life consideration for many cancer 
patients, including children and adolescents. However, it is important to recognize 
some of the unique ethical issues that arise when dealing with this population. We 
have discussed some of the key ethical issues involved in fertility preservation for 
pediatric and adolescent cancer patients in this chapter. As the fields of pediatric and 
adolescent oncology and of fertility preservation continue to develop, it will be 
necessary to continually to reassess the ethical issues we have raised. 


References 


l. Informed consent, parental permission, and assent in pediatric practice. Committee on 
Bioethics, American Academy of Pediatrics. Pediatrics. 1995;95(2):314-7. 


266 L. Campo-Engelstein and D. Chen 


2. Parekh SA. Child consent and the law: an insight and discussion into the law relating to con- 
sent and competence. Child Care Health Dev. 2007;33(1):78-82. 

3. Ruhe KM, et al. Decision-making capacity of children and adolescents-suggestions for 
advancing the concept's implementation in pediatric healthcare. Eur J Pediatr. 2014; 
174(6):775-82. 

4. Weithorn LA, Campbell SB. The competency of children and adolescents to make informed 
treatment decisions. Child Dev. 1982;53(6):1589—98. 

5. Weithorn LA. Children's capacities to decide about participation in research. IRB. 
1983;5(2):1-5. 

6. Palmer R, Gillespie G. Consent and capacity in children and young people. Arch Dis Child 
Educ Pract Ed. 2014;99(1):2-7. 

7. McCabe MA. Involving children and adolescents in medical decision making: developmental 
and clinical considerations. J Pediatr Psychol. 1996;21(4):505-16. 

8. Cohen CB. Ethical issues regarding fertility preservation in adolescents and children. Pediatr 
Blood Cancer. 2009;53(2):249—53. 

9. Basco D, Campo-Engelstein L, Rodriguez S. Insuring against infertility: expanding state infer- 
tility mandates to include fertility preservation technology for cancer patients. J Law Med 
Ethics. 2010;38:832-9. 

10. Campo-Engelstein L. Consistency in insurance coverage for iatrogenic conditions resulting 
from cancer treatment including fertility preservation. J Clin Oncol. 2010;28:2184—1286. 

11. Crawshaw MA, Sloper P. ‘Swimming against the tide’ — the influence of fertility matters on the 
transition to adulthood or survivorship following adolescent cancer. Eur J Cancer Care. 
2010;19(5):610—20. 

12. Donnez J, Dolmans MM, Pellicer A, Diaz-Garcia C, Sanchez Serrano M, Schmidt KT, Ernst 
E, Luyckx V, Andersen CY. Restoration of ovarian activity and pregnancy after transplantation 
of cryopreserved ovarian tissue: a review of 60 cases of reimplantation. Fertil Steril. 
2013;99(6):1503-13. 

13. Feinberg J, et al. The child's right to an open future. In: Aiken W, LaFollette H, editors. Whose 
child? Totowa: Rowman & Littlefield; 1980. p. 124—53. 

14. Gardino S, Russell AE, Woodruff TK. Adoption after cancer: adoption agency attitudes and 
perspectives on the potential to parent post-cancer. Cancer Treat Res. 2010;156:153-70. 

15. Jadoul P, Dolmans MM, Donnez J. Fertility preservation in girls during childhood: it is feasible, 
efficient and safe and to whom should it be proposed. Hum Reprod Update. 2010;93:1-14. 

16. Jain T. Socioeconomic and racial disparities among infertility patients seeking care. Fertil 
Steril. 2006;85:876-81. 

17. Loren AW, Mangu PB, Beck LN, Brennan L, Magdalinski AJ, Partridge AH, Quinn G, Wallace 
WH, Oktay K, American Society of Clinical Oncology. Fertility preservation for patients with 
cancer: American Society of Clinical Oncology clinical practice guideline update. J Clin 
Oncol. 2013;31(19):2500-10. 

18. Luyckx V, Scalercio S, Jadoul P, Amorim CA, Soares M, Donnez J, Dolmans MM. Evaluation 
of cryopreserved ovarian tissue from prepubertal patients after long-term xenografting and 
exogenous stimulation. Fertil Steril. 2013;100(5):1350-7. 

19. Kelly M. Women’s voluntary childlessness: a radical rejection of motherhood? Women Stud 
Q. 2009;37.3(4):157-72. 

20. Lee MC, Gray J, Han SH, et al. Fertility and reproductive considerations in premenopausal 
patients with breast cancer. Cancer Control. 2010;17:162-72. 

21. LiveStrong. Parenthood options for women. http://www.livestrong.org/we-can-help/fertility- 
services/parenthood-options-women/. Accessed 18 Oct 2015. 

22. Luster T, Okagaki L. Multiple influences on parenting: ecological and life-course—perspec- 
tives. In: Luster T, Okagaki L, editors. Parenting: an ecological perspective. Hillsdale: 
Lawrence Erlbaum Associates; 1993. p. 227-50. 

23. McDougall R. The ethics of fertility preservation for paediatric cancer patients: from offer to 
rebuttable presumption. Bioethics. 2015;29:639-45. 


34. 


35. 


Ethical Issues in Pediatric and Adolescent Fertility Preservation 267 


. Petropanagos A, Campo-Engelstein L. Tough talk: discussing fertility preservation with ado- 


lescents and young adults with cancer. J Adolesc Young Adult Oncol. 2015;4(3):96-9. 


. Quinn GP, Stearsman DN, Campo-Engelstein L, Murphy D. Preserving the right to future 


children: an ethical case analysis. Am J Bioeth. 2012;12(6):38-43. 


. Quinn GP, Vadaparampil ST, Jacobsen PB, et al. Frozen hope: fertility preservation for women 


with cancer. J Midwifery Women Health. 2010;55:175—80. 


. RESOLVE, T.N.LA. The costs of infertility treatment. [Cited 2 Nov 2014]. Available from: 


http://www. resolve.org/family-building-options/making-treatment-affordable/the-costs-of- 
infertility-treatment.html. 


. Ries LA, Harkins D, Krapcho M, et al. SEER cancer statistics review, 1975-2008. Bethesda: 


National Cancer Institute; 2008. 


. Schover LR. Motivation for parenthood after cancer: a review. J Natl Cancer Inst Monogr. 


2005;34:2-5. 


. Shin D, Lo KC, Lipshultz LI. Treatment options for the infertile male with cancer. J Natl 


Cancer Inst Monogr. 2005;34:48—50. 


. Shnorhavorian M, Johnson R, Shear SB, Wilfond BS. Responding to adolescents with cancer 


who refuse sperm banking: when “no” should not be the last word. J Adolesc Young Adult 
Oncol. 2011;1(3):114-7. 


. Gardino SS, Rodriguez, Campo-Engelstein L. "Infertility, cancer, and changing gender 


norms.” Journal of Cancer Survivorship 5.1 (March 2011). 


. Upchurch D, Lillard L, Constantijn WA, Panis. Nonmarital childbearing: influences of educa- 


tion, marriage, and fertility. Demography. 2002;39(2):311—29. 

Mesen TB et al. Optimal timing for elective egg freezing. Fertil Steril. 2015;103(6):p.1551-6. 
el-4. 

Georgina M, et al. The economic impact of assisted reproductive technology: a review of 
selected developed countries. Chambers, Fertility and Sterility. 2009;:91(6):2281—94. 


Chapter 19 

Optimizing the Decision-Making Process About 
Fertility Preservation in Young Female Cancer 
Patients: The Experience of the Portuguese 
Centre for Fertility Preservation 


Cláudia Melo, Maria Cristina Canavarro, and Teresa Almeida-Santos 


Introduction 


Currently, cancer is no longer synonymous with death. Despite the increasing num- 
ber of new cases of cancer per year in the last decades, the survival rates have also 
been increasing steadily [46]. Specifically in Portugal, in 2009, the cancer incidence 
rate was 426.5 cases per 100,000 individuals, which was the highest value ever 
registered [16]. However, Portugal is reported to be one of the European countries 
with the highest 5-year survival rates for several types of cancer (e.g., melanoma 
and colon cancer; [14]). The intervention in oncology therefore needs to be focused 
not only on the life preservation of patients but also on the promotion of their qual- 
ity of life after the completion of cancer treatment [30]. Specifically, the patients’ 
reproductive future needs to be taken into account by health professionals during 
the process of cancer diagnosis, mainly due to the risk of infertility and the duration 
of cancer treatments as well as the current characteristics of cancer patients. 

Over the past years, there have been major advances in cancer treatment proto- 
cols. Currently, there are more aggressive regimens that are more effective against 
malignancies. However, these regimens also have more side effects, including the 
risk of fertility impairment [38]. Specifically in female patients, the treatment of 
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some types of cancer comprises hormonal therapy that can last for at least 5 years 
[23]. Given the normal ovarian reserve decline that registers significantly after the 
age of 32 [1], the combination of the impact of gonadotoxic cancer treatments and 
the postponement to later ages of attempts to become pregnant due to hormonal 
treatments may have a serious negative impact on female cancer patients’ reproduc- 
tive future [23]. 

Another important aspect to bear in mind is the characteristics of cancer patients 
at the present time. It is increasingly common to find cancer patients of reproductive 
age whose parental projects are not fully completed, mainly due to the increasing 
incidence of some types of tumors at young ages [29] and the current social trend of 
delaying childbearing until older ages [39]. This means that the reproductive future 
of many newly diagnosed cancer patients who are young and childless is at risk. 
However, despite the gonadotoxicity of cancer treatments, the possibility for these 
patients to have a biological child after surviving cancer is now a reality, mainly due 
to advances in fertility preservation (FP) methods. The decision-making process 
about FP is particularly demanding for female cancer patients for several reasons 
that are presented below. 

The main aim of the present article was to describe the experience of the 
Portuguese Centre for Fertility Preservation in terms of the provision of support for 
the reproductive choices of young female cancer patients. To our knowledge, this is 
the first proposal of a prospective intervention model to counsel and support these 
patients with regard to their reproductive future. 


Brief Notes on Female Fertility Preservation Methods 


Retrospective data indicate that pregnancy after cancer can be safe for survivors and 
their offspring [43]. Research indicates that there does not seem to be an additional 
risk of death in survivors during subsequent pregnancies. The literature also sug- 
gests that the infants of cancer survivors do not have an increased risk of low birth 
weight, malformations [32], or cancer (in the absence of a genetic cancer syndrome) 
[6] when compared to the general population. However, pregnancy monitoring by a 
“high-risk obstetric service" ([38], p. 32) is recommended to supervise potential 
cancer treatment-related risks that are specifically associated with hormone- 
dependent tumors. 

Taking into account the risk of future cancer-related infertility, both female and 
male FP techniques have been developed to attempt to ensure the possibility of 
cancer patients having biological children in the future. These methods comprise 
the cryopreservation of gametes before possibly gonadotoxic cancer treatments 
(e.g., chemo- or radiotherapy, surgery) and their subsequent use, after the recovery 
of the patient from the oncological disease, in case of fertility impairment [25]. 

Female FP methods consist of the cryopreservation of embryos, oocytes, or ovar- 
ian tissue. 
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Embryo cryopreservation comprises, first, the collection of oocytes from the 
female cancer patient (after an ovarian stimulation that can last 2 weeks) and, sec- 
ond, the in vitro fertilization (IVF) of these oocytes with sperm from the patient's 
partner. The obtained embryos are then stored. After cancer treatments, if the female 
patient is not able to conceive naturally, the patient and her partner can use their 
embryos to try to have a child. The cryopreservation of embryos is a well-established 
technique [25], and data have shown good success rates (i.e., the clinical pregnancy 
rate per transfer of frozen embryos is 22.3% on average; [19]). However, this 
method has drawbacks that should be considered. First, ovarian stimulation may 
imply the postponement of the beginning of cancer treatments and may have an 
impact on the growth of hormonal tumors, a risk that remains unclear in the research 
[25]. Second, this method does not maintain the reproductive autonomy of the 
female patient because it can only be performed in female patients who are married 
or in civil unions, and only the couple can use the previously cryopreserved embryos. 
It is important to note that in Portugal, since July 2015, embryo cryopreservation 
has been considered an unviable FP method given the related ethical, moral, and 
legal issues. 

Cryopreservation of oocytes also involves ovarian stimulation and its disadvan- 
tages, as previously described. However, in this procedure, the collected oocytes are 
stored without being fertilized. After cancer treatments, if the female's reproductive 
function is affected, it is possible to collect sperm from her partner and perform an 
IVF with the previously cryopreserved oocytes [25]. Since 2013, this has been con- 
sidered a well-established technique [2] due to the increasing number of live births 
resulting from oocyte cryopreservation (i.e., there have been more than 1000 chil- 
dren born through IVF with frozen oocytes; [13]). 

Cryopreservation of ovarian tissue comprises the extraction of an ovary (partially 
or totally) through laparoscopy and the subsequent dissection and freezing of the 
ovarian cortex into small fragments. To reestablish the reproductive function of the 
female patient after the cancer treatments, the ovarian tissue slices are implanted, 
one by one, in the remaining ovary in the patient's uterus. It is hoped that this trans- 
plantation can restore the activity of the ovary that was subjected to the impact of 
the oncological treatment. This is a recent and still experimental technique [25], but 
clinical and research results have been improving in recent years (i.e., there are now 
more than 40 babies born through transplantation of frozen ovarian tissue; [17]). 
Despite its experimental label, this FP method has some cons that should be consid- 
ered. This procedure does not require as much time as ovarian stimulation does, so 
it can be performed in patients who need to begin their cancer treatments as soon as 
possible. Moreover, in the case of a successful ovarian tissue transplant, there is no 
need to perform IVF and embryo transplant in the future to achieve pregnancy [25]. 

In conclusion, reproductive medicine now provides techniques that attempt to 
ensure the biological parenthood of cancer patients who plan to undergo treatments 
that may threaten their fertility. In this context, oncofertility is rising as an impera- 
tive research and clinical field that involves an "integrated network of clinical 
resources [to] focus on developing methods to spare or restore reproductive func- 
tion in patients diagnosed with cancer" ([44], p. 2). 
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The decision-making process about FP is complex in female cancer patients for two 
main reasons. First, and according to the description in the previous section, female 
FP techniques are invasive, and one of these techniques is still considered experi- 
mental. Second, in the decision-making process about female FP, it is necessary to 
consider several clinical (e.g., type of cancer, time until the beginning of cancer 
treatments, ovarian reserve), sociodemographic (e.g., age, marital status), and FP 
technique-related (e.g., success rates, medical procedures, risks, duration of the 
techniques, maintenance of the reproductive autonomy) variables. Often, there is 
little time to consider these variables [10, 25]. 

Although this may be a difficult and emotionally overwhelming process for 
recently diagnosed young adult female cancer patients [31], some data in the litera- 
ture suggest the importance of this decision in these women's lives. 


Research with Female Cancer Patients 


Young female cancer patients seem to value the opportunity to make a decision about 
FP [33, 36]. These patients report the desire to receive as much information about 
fertility treatments and FP interventions as possible around the time of the diagnosis so 
they can play an active role regarding this decision [33]. This is particularly important 
because studies reveal that more informed patients who have the opportunity to make 
a decision about FP together with health professionals have lower decisional-conflict 
levels [24, 33], make higher-quality decisions [33], have greater satisfaction with their 
care after the decision [24], and have better psychological adjustment to the diagnosis 
[33] than patients who are less informed and do not have the opportunity to be part of 
this decision-making process. A study by Peate and colleagues [33] that evaluated 
women with breast cancer of reproductive age (21—40 years old) reported that a lack of 
information increases anxiety and negatively influences the quality of the decision- 
making experience. However, this study also revealed that the presence of anxiety 
levels in female breast cancer patients do not appear to be correlated with their fertility 
knowledge or with their desire for information, suggesting that fertility-related infor- 
mation should be provided to all women regardless of their emotional well-being. 


Research with Female Cancer Survivors 


Results on the motivations for parenthood among female cancer survivors and the 
impact of cancer-related infertility and of the FP decision in these women's psycho- 
logical adaptation in survivorship suggest the key role of the FP decision before 
cancer treatment in these women's lives. 
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Research reveals that female cancer survivors have more positive motivations for 
childbirth than healthy women do (e.g., [48]). Despite the fear of a cancer recur- 
rence after a pregnancy, these survivors associate having a child with happiness and 
a fulfilling life [18], value the family, and feel very competent to educate a child 
[41]. Through a systematic literature review, Goncalves et al. [21] reported that 
childbearing seems to be an important issue for young female breast cancer survi- 
vors, even for those who are against having children after cancer due to the potential 
risks associated with some types of tumors. 

The diagnosis of cancer-related infertility has been shown to have a negative 
impact on the individual adaptation of these survivors in terms of the experience of 
high levels of anxiety [28, 41], depression [8], sexual dysfunction [9, 37], disrup- 
tions to intimate relationships [37], and feelings of loss and anger [37, 40]. Moreover, 
infertile survivors also must address menopausal symptoms, such as vaginal dry- 
ness and hot flashes, which can have a negative impact on their quality of life [9]. 
Some female cancer survivors even describe the experience of being infertile as 
being as painful as the cancer diagnosis itself [18]. According to results reported by 
Canada and Schover [5], social parenting (i.e., adoption) does not completely 
resolve this distress. 

Young adult female cancer survivors evaluate the opportunity to make a decision 
about FP before the cancer treatments as important because this experience can 
make them feel positive, peaceful, happy, and hopeful and can give them a reason to 
live [20, 47]. Many survivors report that one good thing about FP is that it is one of 
the few decisions that they can make themselves; it allows them to feel in control of 
an uncontrollable situation [20]. Furthermore, this decision-making process seems 
to have a positive impact on the adaptation of these female patients in survivorship. 
Letourneau and colleagues [26] preformed a retrospective study with 1041 female 
cancer survivors of reproductive age (18—40 years old) who had previously submit- 
ted to fertility-threatening treatments and found higher levels of life satisfaction and 
quality of life and lower levels of regret in relation to the FP decision in women who 
were counseled by a specialist in reproductive medicine about FP before cancer 
treatments than in women who did not receive this consultation. These results were 
found regardless of the decision of the female patients about FP. 

Despite the importance that the decision-making process about FP seems to have 
for young female cancer patients, these women note significant gaps in the informa- 
tion provided by their oncologists about the risks of a pregnancy in survivorship, the 
infertility risk associated with cancer treatments and possibilities to spare their fer- 
tility [4]. Moreover, the literature reveals a lack of or delayed referral of these 
patients to a fertility specialist consultation to make a decision about the preservation 
of their fertility (e.g., [20]). These two factors can prevent these patients from hav- 
ing a choice in this matter [4] because these cancer patients cite their oncologists as 
a critical source of support and information in the cancer diagnosis and treatment 
process [36]. The literature has also reported the key role of written information and 
web-based tools in the improvement of FP decision-making outcomes [34, 42]. 

Taking this situation into account, the guidelines for intervention of several 
oncology societies around the world (e.g., the American Society of Clinical 
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Oncology, Clinical Oncology Society of Australia [COSA], European Society for 
Medical Oncology, the European Society of Breast Cancer Specialists) emphasize 
the responsibility of all health professionals in oncology to inform all cancer patients 
about the risk of cancer treatment-related fertility and to refer them in a timely man- 
ner to a specialist in reproductive medicine to make a decision about FP [7, 12, 27, 
35]. Specifically in Portugal, updated and general guidelines for intervention in 
oncology, with recommendations for the discussion with young adult cancer patients 
about their reproductive future, are needed (i.e., the existing guidelines are from 
2009 and are specific to breast cancer patients; [15]). 


The Prospective Intervention Model of the Portuguese Centre 
for Fertility Preservation 


The PCFP of the Reproductive Medicine Department of the Coimbra Hospital and 
University Centre is the sole public center in Portugal that provides all the available 
FP options (i.e., cryopreservation of sperm, embryos, oocytes, and ovarian tissue) to 
patients facing treatments that may threaten their reproductive function. It was offi- 
cially created in 2010 to meet the reproductive needs of patients whose fertility is at 
risk. Despite the availability since the 1990s of male FP in several Portuguese public 
institutions, female FP techniques were not previously available in Portuguese pub- 
lic practice. Thus, it is clearly important to attempt to ensure the potential for bio- 
logical parenthood among female patients. 

In the present day, the PCFP team is constituted by seven doctors, two embryolo- 
gists, a psychologist, and a pharmacist. Its main goal is to support informed repro- 
ductive decisions through the life course of female cancer patients who are risk of 
cancer treatment-related infertility. To achieve this aim, in the last 4 years, the team 
has worked through different but complementary pathways that are described below. 


Clinical Practice 


The PCFP provides reproductive monitoring and counseling to female cancer 
patients from all over the country who are planning to undergo treatments that may 
threaten their fertility. 

These patients can be referred to the PCFP by their oncologists or can ask for a 
consultation. Regardless of the situation, the first appointment at the center is sched- 
uled in the 24—48 h following the request. 

In their first visit to the PCFP, female cancer patients are supported in making a 
decision about FP. They undergo (1) a medical appointment with a specialist in 
reproductive medicine, where they are informed about the available FP options in 
terms of medical procedures involved, costs, risks, and success rates, and the 
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adequacy of each method to each situation is discussed, taking into account sociode- 
mographic, clinical, and reproductive variables; (2) medical exams to assess their 
baseline reproductive function; and (3) an appointment with the psychologist. The 
psychologist plays an important role in this process because this health professional 
assesses the psychological adaptation of the patient to the recent cancer diagnosis, 
the patient's attitudes toward the risk of future infertility, and their understandings 
and expectations of FP and discusses the pros and cons of each FP option (this 
appointment is also important to identify information that needs to be better clari- 
fied by the oncologist or the specialist in reproductive medicine). This process is 
always performed in collaboration with the patient's oncologist, which is essential 
to ensure that the decision about FP does not interfere with the cancer treatments. In 
this first visit to the center, the amount of time the patient has to make the final deci- 
sion is defined, taking into account several variables, such as the date provided by 
the oncologist for the beginning of the gonadotoxic cancer treatments. 

If the patient, together with the health professionals involved, decides to preserve 
her fertility, the next step is to perform the chosen technique. It is important to note 
that throughout the medical procedures involved, medical and psychological sup- 
port is provided to patients according to their needs. 

After this process, all patients are followed up regardless of whether they pre- 
serve their fertility. First, during the cancer treatments, the patients' follow-up is 
performed by phone calls made by the psychologist of the team every 6 months. 
These are important opportunities for the PCFP team to stay updated about the clini- 
cal situation of the patients and for the patients to maintain contact with the team 
that is available to support their reproductive decisions in the future. These phone 
calls are also important to provide emotional support and to identify patients in need 
of regular appointments with a psycho-oncologist. Second, after the completion of 
the cancer treatments, the patients are followed through visits to the PCFP every 
6 months. As in the first visit to the center, in these follow-up visits, the patients 
undergo (1) a medical appointment where they are counseled about their reproduc- 
tive health and decisions (e.g., the possibility of becoming pregnant naturally, the 
use of cryopreserved material in case of previous FP, implementation of assisted 
reproduction techniques [ART]); (2) medical exams to monitor their reproductive 
function after the cancer treatments and to assess the impact of the cancer treat- 
ments in ovarian function, taking into account the baseline assessment of the first 
visit to the PCFP; and (3) an appointment with the psychologist. The psychologist 
plays an important role in this process because this health professional assesses the 
patients’ psychological adaptation to survivorship, their understandings and atti- 
tudes toward survivorship, and their expectations and plans about their parental 
project, provides emotional support in case of an infertility diagnosis, and supports 
decisions regarding the use of the cryopreserved material to achieve pregnancy (in 
case of previous FP) and attitudes about ART and even third-party techniques and 
adoption. It is important to note that the goals of each medical and psychological 
appointment in the follow-up phase are variable according to each patient, taking 
into account the patient’s sociodemographic, reproductive, and clinical variables. 


2716 C. Melo et al. 


As of October 2015, 149 female cancer patients of reproductive age (M —31.08; 
DP=5.43; 18-42 years old) were counseled in the PCFP to make decisions about 
FP. Most of them were single (52 96) but were involved in an intimate relationship 
(66 96) and did not have a child at the time of the FP decision (83 96). Breast cancer 
was the most prevalent diagnosis in these female patients (62%). Although the 
majority of the patients had preserved their fertility (12 patients cryopreserved 
embryos or zygotes before July 2015, 67 cryopreserved oocytes, and 27 patients 
cryopreserved ovarian tissue; note that some women used more than one FP tech- 
nique), 55 women decided to not use any FP method. However, it is important to 
highlight that whatever their final decision about FP was, these female cancer 
patients revealed high levels of satisfaction with their decision-making process 
about FP and the clinical monitoring provided by the PCFP (these results were 
obtained from an online anonymous questionnaire that all female patients were 
asked to complete; 83 % response rate). Specifically with regard to the psychologi- 
cal support provided, in the same questionnaire, patients revealed the importance of 
this appointment for their decision-making process: “the psychologist was truly 
important to help me and my husband to talk about my cancer and about our fears. 
Infertility is one of them. The psychologist helped us to think about our priorities 
and about what we were capable and up to do to preserve the fertility"; “important 
to help me anticipate me in the future and what I would think about my decision 
about FP"; “essential to translate the technical information provided by the doctor 
into simpler words... Really important for me to understand everything that every 
technique could involve in terms of physical procedures and emotional too"; “it was 
really important to express all the emotions that I was feeling through the last days 
of diagnosis and oncological appointments. It is overwhelming to make this impor- 
tant decisions so quickly and so vulnerable. The psychologist helped me to address 
my worries and to be capable to be rational to think about FP". 

The number of female cancer patients counseled in the PCFP for FP has been 
increasing in the past few years. So far in 2015, 47 women have been counseled; this 
is the year with the highest number of requests for an appointment in this center 
(there were 43 patients in 2014, 26 patients in 2013, 19 patients in 2012, 8 patients 
in 2011, and 10 patients counseled in the PCFP for an FP decision in 2010). 

It is important to note that this intervention model has also been applied in PCFP 
to pre- and postpubertal girls. In these cases, the decision-making process and the 
follow-up consultations are developed with the participation of the parents (or other 
legal representatives of the child/adolescent), taking into account that the patients 
are underaged. At the time of the decision-making about FP, the psychologist con- 
sults with the child/adolescent alone, the parents, and the family together to discuss 
the topics described for the counseling of female adult patients. Talking about these 
reproductive health issues with underage girls is a great challenge. It needs to be 
done through language adapted to their age, their level of comprehension, and their 
emotional maturity. The use of specific communication tools, such as figures, toys, 
and videos, is important to make these patients interested and motivated to make a 
decision about FP. Parents and underaged patients also revealed high levels of satis- 
faction with this intervention model through the online anonymous questionnaire. 
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Adaptation and Development of Information Resources 
for Shared Decision-Making About FP 


Although most of the female cancer patients are referred to the PCFP by their oncol- 
ogists (92 %), some of them ask for a consultation on their own. Thus, one aim of 
the PCFP team is to attempt to better inform patients, health professionals, and the 
general population about the impact of cancer in fertility and the techniques of FP. 

To achieve this goal, the team has adapted and developed several decision- 
making tools regarding FP to these target populations. First, some materials of the 
Oncofertility Consortium®, including the  iSaveFertility application, the 
Myoncofertility website, and Repropedia, have been translated and adapted into 
European Portuguese. These tools are very helpful because they provide high- 
quality and organized information to the general population and to health profes- 
sionals, leading to easier decision-making processes. Moreover, it is important to 
highlight that all these materials, together with the fact sheets and brochures devel- 
oped by the PCFP team for the female cancer patients who are counseled in the 
center, are very helpful in clinical practice. These resources are explored at the 
psychologists’ appointments with the patients, and the patients are advised to con- 
sult these resources at home and ask the team any questions. Thus, in the decision- 
making process about FP, patients are guided to have access to important information 
through specific and recommended tools. 

Second, the development of the PCFP website has already begun. This native 
language online resource will include information and tools developed specifically 
for the Portuguese general population, patients, and health professionals. Moreover, 
it will include a tool to easily and rapidly ask for an appointment in the PCFP. 

Beyond the development and adaptation of these decision-making tools and in 
collaboration with the Portuguese Society for Reproductive Medicine, the PCFP 
team also organized the first course about FP for health professionals in October 
2013 at the 5th Portuguese Congress of Reproductive Medicine. This course was 
evaluated by the participants as extremely important for their clinical practice. 
Other courses are being scheduled for 2015, not only for health professionals but 
also for the general population and cancer patients. 


Research Projects 


It is also important to highlight that research projects are being implemented by 
some members of the PCFP team, particularly with regard to the decision-making 
process about FP in female cancer patients, the impact of this decision for future 
individual adaptation, the impact of cancer treatments on patients’ reproductive 
function, and the FP techniques themselves. These projects are being developed in 
collaboration with several departments of the University of Coimbra, and most of 
them are funded by Portuguese organizations such as the Portuguese Foundation for 
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Science and Technology and the Portuguese League Against Cancer. More recently, 
in 2015, a proposal for a major research project in the field of pediatric oncofertility 
was developed, and an application for funding was submitted (proposal under 
evaluation). 


Oncofertility Consortium? Global Partner 


In 2013, the PCFP became a partner of the Oncofertility Consortium?. This is an 
interdisciplinary consortium that was established in 2007 at the Northwestern 
University of Chicago “to expand research in fertility loss in cancer patients, accel- 
erate clinical translation of fertility preservation techniques and address the com- 
plex health care and quality of life issues that concern young cancer patients whose 
fertility may be threatened by their disease or its treatment" ([3], p. 5). 

Participation in this intercultural network with 17 global partners ([3], p. 5) 
allows the PCFP to collaborate with medical specialists and scientists from several 
countries who are working in the oncofertility field and to share methodologies, 
tools, and experiences of clinical research and practice. In this context, and as 
described, the PCFP has already translated and adapted some information and 
decision-making tools of the Oncofertility Consortium? to European Portuguese 
and has provided the community with tools that the PCFP team has developed that 
can be used and disseminated by the other global partners. This exchange of materi- 
als leads to a major dissemination across the globe of useful resources and informa- 
tion about the reproductive health of cancer patients. 


Discussion 


This article presents the experience of the CPFP throughout the last 5 years in sup- 
porting the reproductive decisions of Portuguese young female cancer patients. In 
particular, it describes the first proposal of a prospective model of intervention and 
support of these patients in terms of their reproductive future. 

Decisions in clinical practice have changed in recent years. A shift has occurred 
from the paternalistic model of practice to a new paradigm of shared decision- 
making. Paternalistic physician practices, characterized by full authority to make 
medical decisions for their patients, have been replaced by shared decision-making 
with patients. In this new paradigm, patients are integrated into clinical decisions, 
and they should obtain the best medical information to make their decisions about 
their treatment. The shared decision-making model includes increased autonomy 
for the patient and respect for patients' beliefs, goals, and priorities [11, 45]. 

In terms of cancer patients and reproductive decisions such as FP, there are clini- 
cal international guidelines that highlight the need for the inclusion of patients in 
this decision and the need to provide them with information about their fertility 
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risks and about FP options as early as possible to give them the opportunity to 
decide (e.g., [27]). This decision-making process is particularly demanding for 
female patients [10]. Nevertheless, the literature reveals that this is an important 
opportunity for these patients that improves their individual adaptation to the diag- 
nosis and their well-being in survivorship (e.g., [26, 33]). Thus, not informing these 
patients and preventing them from making their own decision about FP can have a 
negative impact on their quality of life later in survivorship. However, female cancer 
patients often lack information about their reproductive future and about the oppor- 
tunity for FP [4]. In this context, CPFP has worked for the last 5 years to promote 
the reproductive decisions of Portuguese female cancer patients, not only to support 
their FP decision-making process but also to provide these patients with reproduc- 
tive follow-up and counseling throughout the course of the disease and in 
survivorship. 

CPFP is the sole Portuguese center that offers all the female FP techniques and 
is the only one that has a prospective and multidisciplinary intervention model to 
support the reproductive decisions of female cancer patients. To our knowledge, 
there are no international guidelines about the intervention and support of reproduc- 
tive decisions in female cancer patients and future survivors. Therefore, the CPFP 
has developed and implemented the first proposal of a prospective model for inter- 
vention and support for young female cancer patients in terms of their reproductive 
decisions. 

This model has two main innovative characteristics: three phases of intervention 
and counseling of young female cancer patients and the integration of a multidisci- 
plinary team, highlighting the role of the psychologist in supporting these patients’ 
decisions. First, the intervention model that CPFP proposes is prospective, provid- 
ing counseling and support to patients in three main phases: (1) before the begin- 
ning of cancer treatments, (2) during cancer treatments, and (3) after the completion 
of cancer treatments. Second, it emphasizes the importance of a multidisciplinary 
intervention, highlighting the role of psychologists in supporting these patients’ 
decisions along with specialists in reproductive medicine, oncologists, and other 
health professionals. It is important to highlight that this model was developed and 
implemented in collaboration with the team of the unit of psychological interven- 
tion of a central Portuguese maternity ward, which is particularly experienced in 
providing psychological support to patients in the context of other reproductive 
decisions (e.g., infertility diagnosis, prenatal diagnosis, pregnancy in the context of 
a human immunodeficiency virus diagnosis, voluntary interruption of pregnancy). 
The psychologist seems to play an important role in the three phases of the interven- 
tion for the provision of emotional support and for counseling with regard to repro- 
ductive decisions. It is important to note that at the time of the FP decision, the 
presence of psychopathology symptoms is frequent (e.g., high levels of anxiety and 
depression) given the recent cancer diagnosis and the anticipation of the cancer 
treatments [22]. Anxiety and depressive symptoms can have a considerable impact 
on cognitive functioning and, subsequently, on the decision-making process. Thus, 
we must bear in mind that these symptoms may influence patients’ FP decisions, 
possibly leading them to undervalue this decision at that time. Psychological 
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support seems crucial at this phase to identify these particularly emotionally vulner- 
able patients and to try to help them decrease their anxiety levels and support them 
in making an informed and conscious decision while anticipating how they will live 
with it the future. The same process can occur in survivorship, where psychopathol- 
ogy symptoms are also frequent [22]. 

In addition to clinical activity, the CPFP team has also been working on the 
development and implementation of several types of information aids for the gen- 
eral population, patients, and physicians as well as scientific events to attempt to 
enhance knowledge about oncofertility in Portugal. Some members of the CPFP 
team are also working on research projects with funding from relevant Portuguese 
organizations to increase the quality of FP techniques and to better understand the 
importance of this decision to these patients. Becoming a Global Partner of the 
Oncofertility Consortium? network was also extremely important for the CPFP 
because it allows the CPFP team to be part of a community of researchers and clini- 
cians from all over the world, to exchange knowledge, skills, and experience and to 
develop and implement the European Portuguese versions of some information aids 
that were previously developed and that are very useful for the Portuguese 
population. 

Throughout its 5 years of existence and activity, the CPFP has contributed to 
informing and supporting female cancer patients about their reproductive deci- 
sions, namely, about FP. Patients from public institutions from all over the coun- 
try are referred for consultations to this center to make decisions about FP, and 
the number of patients counseled has been increasing. This increase can be asso- 
ciated with oncofertility information dissemination and increasing awareness that 
CPFP has promoted through the development of the previously described 
resources. 

There are some reproductive and clinical characteristics of the patients 
referred to the center that should be noted. First, although most of the patients 
referred to the center for FP decisions did not have children, 27 % were already 
mothers; nevertheless, they wanted to be referred to make their decision. Thus, 
this cannot be a criterion for oncologists to avoid discussing these options with 
patients. Second, it is important to highlight that the most prevalent diagnosis in 
the female cancer patients counseled in this center has been breast cancer. This 
may be because this is the most prevalent cancer diagnosis in young women, but 
it may also be that gynecologists may be more aware of fertility issues than 
other specialists who treat other types of cancer. Thus, this increased awareness 
should be generalized to all specialties. Lastly, it is important to note that despite 
the experimental label of the ovarian tissue cryopreservation method, this pro- 
cedure has been performed on 27 patients, which can be explained by the fact 
that this technique does not require as much time as oocyte cryopreservation. 
This situation calls attention to the importance of the early referral of patients to 
make a decision about FP so they can have access to all the techniques and 
choose the one they prefer without time pressure and without the need to post- 
pone the beginning of cancer treatments. 
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Future research should be conducted to confirm the value of the proposed interven- 
tion model and its components and to help to create national and international 
guidelines for the support of high-quality reproductive decisions by young female 
cancer patients and survivors. 

Furthermore, more studies are needed about the FP decision-making process of 
recently diagnosed female cancer patients. The few existing international studies 
(only three, to our knowledge) have some limitations that should be considered, 
such as the cross-sectional design, the sample size, the focus on women with breast 
cancer, and the small spectrum of variables assessed. Despite the existence of more 
research with survivors about their fertility concerns and decisions, these studies 
have some limitations, such as the heterogeneous samples in terms of time since 
diagnosis and the age of the patients at the time of diagnosis; furthermore, most of 
the research is qualitative. Moreover, the literature on survivors lacks information 
about the impact of the FP decision in individual adaptation in survivorship and the 
attitudes of cancer survivors about ART and third-party techniques. 

Specifically in Portugal, to our knowledge, there are no studies about the FP 
decision-making process of female cancer patients and survivors. It would be 
important to develop research to understand the information needs of Portuguese 
patients about FP and their reproductive future and to study the profiles of patients 
who decide to preserve their fertility and those who decide not to preserve. This 
research would make it possible to understand the factors that influence the FP deci- 
sion. Likewise, there is no research about the knowledge, practices, and attitudes of 
Portuguese oncologists about oncofertility. This research would be essential to help 
physicians to communicate fertility issues with their patients and to develop 
resources that are specifically developed to meet their patients’ needs. 

In terms of implications for clinical practice, this article highlights the importance 
of a prospective and multidisciplinary approach to support the reproductive decisions 
of young female cancer patients, who reveal high levels of satisfaction with it. In 
particular, the inclusion of psychologists in the teams and the communication between 
oncologists and specialists of reproductive medicine seem essential for this interven- 
tion. Moreover, doctors from all specialties should have knowledge and awareness of 
fertility issues to inform patients and to refer them to fertility centers in time to make 
a decision about FP before cancer treatments. Taking into account the international 
guidelines on oncofertility and the experience of the CPFP, all patients should be 
informed about the infertility risk of cancer treatments and FP options so they can 
have the opportunity to make a decision about their FP. Specifically in Portugal, clini- 
cal guidelines about the referral of patients to FP centers should be developed. 
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Chapter 20 
Fertility Preservation in Japanese Children 
and Adolescents with Cancer 


Yoko Miyoshi and Nao Suzuki 


As the survival rate of pediatric and adolescent patients with cancer has shown 
marked improvement, the late effects of anticancer therapy on survivors of child- 
hood/adolescent cancer have also been recognized as a critical issue in Japan. The 
Long-Term Follow-Up Guidelines for Survivors of Childhood and Adolescent 
Cancers were prepared by pediatric oncologists and endocrinologists with the aim 
of improving the management of various issues. Nevertheless, avoiding subfertility 
after anticancer therapy is still the responsibility of the individual treating pediatric 
oncologists who lack adequate coordination with reproductive medicine specialists. 
Thus, appropriate preventive measures for possible loss of fertility are often unavail- 
able to young cancer survivors. Young patients with cancer may not receive any 
information about fertility after anticancer therapy. Also, follow-up for the primary 
disease is discontinued in quite a few patients, so that children and adolescents who 
survive cancer commonly face the crucial matter of infertility in adulthood without 
support. 

In 2012, we established the Japan Society for Fertility Preservation (JSFP) 
(President: Nao Suzuki, MD, PhD) in order to promote measures for oncofertility 
in Japan. The JSFP holds a symposium every year, with the aim of promoting 
multidisciplinary coordination among medical and nonmedical professionals in 
the field of oncofertility. The JSFP has also established an Internet website to dis- 
tribute the latest information concerning oncofertility. The JSFP initially devel- 
oped a network based at Gifu University for oncofertility-related medical 
coordination that also involved the Gifu Prefectural Government (Gifu-Patients 
and Fertility Specialists established by Professor Kenichiro Morishige and 
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Associate Professor Tatsuro Furui: GPOFs). Subsequently, regional oncofertility 
medical service coordination networks are being developed in many regions 
around Japan based on GPOFs, in order to provide coordinated and integrated 
medical care for oncofertility within a particular region. At a December 2014 
meeting of the Cancer Control Promotion Council, which is the top Japanese orga- 
nization for cancer control policies and programs, Dr. Suzuki provided a Statement 
of Opinion seeking national programs for fertility preservation in pediatric and 
adolescent patients with cancer. In May 2015, Dr. Suzuki and colleagues submit- 
ted a Letter of Request to Minister Shiozaki (the Minister of Health, Labour and 
Welfare) seeking the establishment of a clinical practice coordination system that 
will allow pediatric and adolescent patients with cancer to preserve the potential 
for future pregnancy and childbirth. Specifically, we made the following two sug- 
gestions: (1) the government should urgently launch projects for preservation of 
the reproductive function of young cancer patients and for the alleviation of physi- 
cal and psychological distress due to loss of fertility, and (2) the government 
should take measures to establish a regional medical collaboration system among 
local governments, key hospitals, and community clinics that provides sustainable 
oncofertility services within each region. 

In collaboration with Dr. Suzuki and utilizing a 2014 Scientific Research Grant 
from the Ministry of Health, Labour and Welfare, Dr. Miyoshi (a pediatric endocri- 
nologist and a member of JSFP) organized a working panel to compile evidence 
about the fertility of long-term survivors who developed cancer during childhood or 
adolescence and to develop a reproductive medicine network. This project has 
attracted the attention of the central government and has received a research grant 
from the Ministry of Health, Labour and Welfare as a cancer control promotion 
project. The activities of this project gained considerable appreciation in the first 
year. Key hospitals involved in the fields of pediatric oncology, pediatric endocri- 
nology, child health and development, and reproductive medicine are participating 
in this project, and a medical practice team has been set up that consists of pediatric 
oncologists, pediatric endocrinologists, gynecologists, obstetricians, urologists, 
reproductive medicine specialists, medical oncologists, and psychologists. We have 
conducted a questionnaire survey targeting doctors who were involved in the care of 
pediatric/young adult patients with cancer and survivors of cancer during childhood 
or adolescence so that current issues could be determined. The working panel has 
also been involved in other activities, including a field survey of pregnancy and 
childbirth and a cohort study on gonadal function and fertility in female survivors of 
pediatric gynecologic cancer, as well as providing a consulting desk for patients and 
other clinical improvements and performing a basic study to establish a method for 
cryopreservation of immature testicular tissue. Furthermore, the working panel col- 
laborated with the JSFP to host the *2015 Symposium on Cancer and Reproduction: 
Discussion of Childhood Cancer and Fertility" in February 2015 in Osaka. This 
symposium provided the first opportunity for information exchange among Japanese 
doctors, nurses, psychotherapists, counselors, and patients. During the symposium, 
discussion focused on the latest topics, such as ovarian tissue cryopreservation, 
uterus transplantation, and oocyte donation. 
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The JSFP has prepared a booklet for young breast cancer patients that explains 
fertility preservation and provides guidance about medical care and reproductive 
medicine for patients with this cancer who want to become pregnant and give birth. 
We have also posted a list of medical institutions providing reproductive medicine 
and a list of children's hospitals where consultation about fertility preservation is 
possible on our website. Nevertheless, not enough has been done to support fertility 
preservation in pediatric cancer patients. Our questionnaire for pediatric endocri- 
nologists revealed that fertility preservation procedures were only implemented at a 
very few institutions, although every institution is concerned about techniques for 
fertility preservation. Cryopreservation of sperm has come to be implemented for 
male patients at some institutions, while cryopreservation of immature testicular 
tissue is still experimental. Thus, it is expected that the above basic research will 
provide useful findings. Doctors frequently refrain from retrieving oocytes in girls 
with cancer, taking into the consideration physical and mental burden of the oocyte 
retrieval procedure on the patient. As of May 2015, ovarian tissue cryopreservation 
for pediatric/young adult female patients has been implemented after receiving eth- 
ics committee approval at only 1 institution. In order to implement oocyte cryo- 
preservation for pediatric/young adult cancer patients, the following issues need to 
be solved: (1) the method of providing an explanation and obtaining consent from 
girls, (2) validation of the safety of long-term cryopreservation, (3) establishment of 
a system for long-term storage, (4) providing psychological support for pediatric 
patients as they grow, and (5) coordinating oncofertility procedures with anticancer 
therapy. 

To achieve further progress in oncofertility in Japan, it is necessary to establish 
medical practice coordination systems among healthcare departments and special- 
ists in various fields and to energetically implement educational activities. At pres- 
ent, the commitment to preserving the fertility of pediatric/young adult cancer 
patients is just beginning in Japan. 
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Introduction 


The preservation of fertility in young and adolescent population is a matter of great 
relevance at the present time. For many young children, there are many psychologi- 
cal stress factors that affect them in the context of their lives at the time of illness, 
and the risk of losing their fertility is a major concern. The ability to preserve fertil- 
ity can contribute positively to the emotional aspects of the disease and its treat- 
ment. In adulthood, reproductive capacity is for most individuals, one of the main 
determinants of their quality of life [5, 15]. 

In United States of America, the incidence of cancer up to 14 years of age is esti- 
mated at about 17 cases per 100,000 boys and 15 cases per 100,000 girls every year 
[21]. According to Brazilian National Cancer Institute data, between 1983 and 2005, 
54.5 96 of childhood cancers occurred in males and 45.5 % in females in Brazil [3]. 

Despite this increase in childhood cancer diagnosis, there has been a significant 
increase in posttreatment survival. However, while childhood and adolescent cancer 
therapies improve long-term survival, such treatments may lead to abnormal puber- 
tal development infertility and gonadal failure. It is essential that clinicians are 
aware of the available options for gamete cryopreservation whether they are well 
established or experimental. 

Dealing with fertility preservation upon diagnosis of cancer is challenging for a 
young adult patient. This issue is even more complex for pediatric patients where 
decision-making generally falls to the parents, but high cancer survival rates increase 
the possibility of survivors needing to confront infertility later in life. 

The scope of potential fertility issues for pediatric cancer patients is difficult to 
predict. Both genders are susceptible to negative impact on the hormone production 
and gonads. These effects can be reversible or permanent. Many pediatric clinicians 
are aware that radiation and chemotherapy can affect fertility, but few of them are 
aware of gender differences in toxicity, and few consult with specialists regarding 
fertility preservation [17]. 

The present chapter summarizes the Brazilian scenario of cancer childhood 
oncofertility. 


Fertility Preservation for Cancer Patients 


In a scenario where cancer mortality falls more dramatically than its incidence, 
another picture is built up where women at the height of their careers, or without a 
stable relationship, increasingly choose to postpone motherhood. In the United 
States of America, statistics on births point to the downward trend of 1—2 % per year 
among women aged 20-29 and an upward trend to 3% in their 30s, with births 
among women aged 35-39 reaching nearly 50 births/1,000 individuals in 2013 (the 
highest rate in the country since 1963) [19]. Similarly, in Brazil, higher live births 
rates are observed among women aged 30—39 years, and there is a clear fall of the 
numbers among younger women [24]. 
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Looking at the two situations and understanding that the incidence of many can- 
cers increases with increasing age, it is assumed that there will be more cancer 
diagnoses in women who did not have children or finished their offsprings, and 
consequently there will be more cancer survivors interested in future procreation. 

Although still few cases, there is an observed increase in cases over time. The 
number of referrals has increased, already very close number of referrals to the sum 
of all referrals made in previous years in some of the big centers of Reproductive 
Medicine in Brazil. This is likely due to women's increased access to information 
on the possibility of preserving their gametes before the antineoplastic treatment, as 
well as repeat diffusion actions of oncofertility among clinical oncologists, oncology 
surgeons, gynecologists, urologists, mastologists, and other health professionals. 

The best way to raise oncologist's awareness about the importance of discussing 
oncofertility should begin with the identification of those patients who would poten- 
tially benefit fertility preservation strategies before chemotherapy or radiation ther- 
apy. Considering an estimated 10% of female cancer cases occur before the age of 
45, with a survival rate of about 85 % [21], and passing the yearly statistics of cancer 
around the world [4, 12, 13, 21], we could share with the oncologists the deduction 
that oncofertility strategies could benefit more than 15,000 women in Brazil, 66,000 
women in the United States of America, 160,000 women in Europe, and 830,000 
women worldwide every year. 

As recently suggested by the founder of the Global Oncofertility Consortium, 
Teresa Woodruff [37], there is a great expectation that, in a near future, oncofertility 
assumes the role of modifying culture on cancer treatment, bringing innovation 
while opening the world's eyes to procreation perspective as a quality of life factor 
for cancer survivors. 


Childhood Cancer and Fertility Preservation 


In Brazil, cancer is already the leading cause of death (7% of total) due to illness 
among children and adolescents from 1 to 19 years old, for all regions. It is esti- 
mated that approximately 12,600 new cases of cancer occur in children and adoles- 
cents in Brazil each year in 2016 and 2017. The Southeast and Northeast regions 
will present the highest number of new cases, 6,050 and 2,750, respectively, fol- 
lowed by the South 1,320), Midwest (1,270) and North (1,210) [4]. 
In Brazil, the most common types of cancer in children are carcinomas and other 
epithelial malignancies (28 96), leukemia (15 %), bone tumors (14%), lymphoma 
and other reticuloendothelial tumors (10 96), soft tissue sarcomas (7 96), renal tumors 
(6 96), central nervous system and miscellaneous intracranial tumors, and intraspi- 
nal neoplasms (6 96) [3]. 

Between 2005 and 2009, the overall incidence of cancer in children aged under 
14 increased about 0.5% per year, a consistent trend in the country since mid 
1970s. However, the mortality rate for childhood cancer has decreased by more 
than a half over the past three decades, from 4.9 per 100,000 in 1975 to 2.1 per 
100,000 individuals in 2009 [35]. The good results of anticancer treatments in 
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children can also be translated by mean cumulative survival rate in 5 years, which 
now exceeds 80 26 [3, 21]. Thousands of girls and adolescents with cancer receive 
successful anticancer treatments annually, and then we may already have at least 
one childhood or adolescence cancer survivor in each group of 570 adults in repro- 
ductive age [20]. 

Ovarian cortex cryopreservation is the fertility preservation strategy of greater 
relevance in oncological patients in childhood. Sixty births have already been well 
documented in literature [11], at orthotopic or heterotopic sites, reinforcing the 
near inclusion of this strategy in the routine of specialized services in reproductive 
medicine around the world. Although it is still considered experimental [23], the 
advantage of allowing the preservation of thousands of viable primordial follicles 
could be held in the absence of the hypothalamic-pituitary-ovarian axis activation 
[6, 27], and it should be applied to specific groups of patients, such as prepubertal 
girls [7, 28]. 

The major restriction to the use of ovarian cryopreservation is the presumed risk 
of recurrence of cancer, originated from metastasis in ovarian tissue reused. 
Although there are no reports in humans, this hypothesis should be highlighted for 
the patient and their caregivers and is fundamental to clarify that the risks may vary 
according to the type of tumor, as not all tumors are likely to develop metastatic foci 
in the ovaries [29, 36]. The literature reports efforts to develop efficient techniques 
for isolation of primordial, primary and secondary follicles, and their maturation 
in vitro. There are only reports of births after cultivation of secondary follicles in 
mice [40], but studies with primate and human follicles have shown promising 
results [2, 30, 38, 39, 41]. 

Depending on the age and on the stage of pubertal development, different fertil- 
ity preservation options can be offered; ovarian tissue cryopreservation is always an 
option, especially if ovarian failure is highly probable. For those patients in a post- 
pubertal stage oocyte cryopreservation, applying a random start ovulation induction 
can also be offered. In general, postpubertal girls and their parents are more likely 
to agree with fertility preservation procedures; younger kids and their parents are 
not usually receptive to fertility matters and frequently refuse to accept, especially 
when laparoscopy is indicated for ovarian biopsy. 

The precocity of referral also influences the procedures that are offered. For ovu- 
lation induction, the patients need nearly 9-12 days until retrieval of mature oocytes, 
and sometimes, depending on ovarian response, more than one retrieval is neces- 
sary. In case ovarian tissue cryopreservation is indicated in combination with oocyte 
cryopreservation, the ideal is to proceed ovarian biopsy and then ovulation induc- 
tion and oocyte pick up, because the punctures and the hematomas make the tissue 
unfeasible for storage. In cases of precondition chemotherapy before bone marrow 
transplantation (BMT) in none oncological patients, when we have 2 months or 
more available, oocyte pickup may be done before ovarian biopsy without prejudice 
of the tissue. 

An important and delicate issue is the process of obtaining informed consent for 
fertility preservation in children and incapable. That is because the subject is a dif- 
ficult context in the age group or the lack of awareness for such a decision. Still, 
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because the techniques considered most appropriate for sexually immature 
individuals, they are considered experimental in younger populations [26], as dis- 
cussed in the previous paragraphs. 

In such cases, parents or legal guardians often make the decision on behalf of 
the patient, assisted by a multidisciplinary team. It is observed commonly the 
exclusion of patient of decisions to be made around the antineoplastic treatment. 
The reasons for that are exclusive focus on healing, without valuing the quality 
of life after survival; the discomfort of parents in dealing with issues related to 
sexual life of the child as an adult; and the desire to protect children and adoles- 
cents against anxiety generated by sensitive issues such as sexuality and procre- 
ation [18]. However, it should be noted that the American Academy of Pediatrics 
recommends assistants to give the child over the age of 7 the opportunity to dis- 
cuss the issue and even refuse to preserve fertility, even if it is a desire of parents 
[1, 32]. 


Experience of Brazilian Oncofertility Consortium Centers 
Members 


Brazil is a country of an emerging economy that has a Public Health System which, 
although still needs improvements in many ways, offers a comprehensive care to 
any patient with cancer. At the present, there are 276 hospitals enabled in cancer 
treatment. All states have at least one hospital enabled in oncology, where the can- 
cer patient can find medical access to more complex surgeries and treatments. 

However, in fertility preservation in Brazil, the procedure's cost is an important 
obstacle. In the Brazilian Public Health System, infertility, in general, is not consid- 
ered as a disease; thus, the patient has to pay for the ovulation induction drugs and 
for the procedure itself. There are few centers that offer assisted reproduction tech- 
niques for free. 

The practice of fertility preservation for cancer patients it is still being built even 
in the private clinics. Not many doctors are aware of the options for gametes 
preservation, and few know that the procedure should be done before the start of the 
treatment. Fertility preservation is generally more discussed in more developed 
regions where the hospitals and universities are aware of the concept of 
oncofertility. 

Oncofertility has been increasingly discussed in Brazil through meeting events 
related to cancer and fertility, and information has been widespread also through the 
Internet. The eight current center members of the Brazilian Oncofertility Consortium 
have contributed to many discussions, participation, and promotion of events on the 
topic of oncofertility and fertility preservation. 

At Pró-Criar Medicina Reprodutiva, located in Belo Horizonte, State of Minas 
Gerais, they have received an increasing number of young men and women with 
cancer diagnosis for discussion of fertility preservation. Most of them choose to 
cryopreserve oocytes and sperm, and a reduced number makes the choice to 
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cryopreserve ovarian tissue. The clinic have provided this technique as an experi- 
mental treatment, including children and adolescents, with no cost, as a research 
project, in partnership with the Faculty of Medical Sciences of Minas Gerais, 
approved by a Research Ethics Committee. This increase in number of patients 
looking for gamete preservation has not happened with children or adolescents in 
pre- or peripubertal periods. The clinic has seen patients who have undergone treat- 
ment for cancer, chemo- and radiation therapy, and even marrow transplant, whose 
parents did not have the opportunity to discuss alternatives to preserve fertility 
before the start of treatment. Rare cases received information before the cancer 
treatment. In only one peripubertal case was held freezing of ovarian tissue sam- 
ples. In a few other cases, the clinic was approached by oncologists, but the chil- 
dren had no medical condition for a laparoscopy. The clinic aims to assist the 
cancer patient in up to 24 h for a consultation and, in case of male, for also a sperm 
banking. 

Genesis — Centro de Assistência em Reprodução Humana, located in Brasilia, 
Federal District, had its first two ovarian stimulation cycles for cryopreservation of 
oocytes of oncologic patients in 2010. Since then, there were eight cases between 
2012 and 2014 and seven cases until July 2015. Of the 17 performed cycles, one 
breast cancer patient developed the empty follicle syndrome and therefore did not 
cryopreserve oocytes. Considering the others, an average of 11.6 metaphase II 
oocytes has been cryopreserved for each women (nonpublished data). 

Huntington Medicina Reprodutiva, located in São Paulo, State of São Paulo, has 
been conducting fertility preservation in cancer patients for over 10 years, initially 
with the freezing of embryos and sperm. The freezing of oocytes started 8 years ago, 
and they are currently introducing in the routine the freezing of ovarian tissue. They 
understand that preserving gametes for pre pubescent girls can be offered, respect- 
ing the ethical and medical dilemmas in question. It was tried in 2014 to cryopre- 
serve ovarian tissue unsuccessfully in two girls aged 8 and 10 years with diagnostic 
of bilateral borderline ovarian tumor, but during surgery, there was full commitment 
of the ovaries, and it was not possible to preserve the tissue. The clinic created a fast 
and integrated system of care where any cancer patient can be attended to by a doc- 
tor within 48 h and can start any kind of procedure in this same time. Also, the entire 
team is trained to assist this type of patient. The nurses receive special training and 
do partly the role of patient navigator, facilitating multidisciplinary care, which con- 
tributes to more humane and comprehensive care to the patient. 

Fertilitat Centro de Medicina Reprodutiva, located in Porto Alegre, State of Rio 
Grande do Sul, regularly freeze semen samples for male young patients who need 
go under radio- or chemotherapy, before the start of the treatment. For women, the 
clinic offers the cryopreservation of mature oocytes and ovarian tissue. So far, no 
male or female child has had gamete samples cryopreserved because the clinic was 
not sought for that yet. The clinic also has no experience with fertility preservation 
in children. The youngest patient that has frozen oocytes was 19 and did the proce- 
dure because she was a bearer of Turner syndrome. The youngest female cancer 
patient was 23 and had ovarian cancer, and the younger boy who has frozen semen 
sample was 14 and had testicular tumor. 
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Cenafert — Centro de Medicina Reprodutiva, located in Salvador, State of Bahia, 
also does not have experience in cryopreserving gametes for child cancer patients. 
They work exclusively with adults. A recent case was a patient with lymphoma who 
cryopreserved embryos despite the clinic's suggestion to the couple to cryopreserve 
oocytes. She also used the agonist of GnRH. After chemotherapy, she maintained a 
good ovarian reserve and got pregnant spontaneously. 

Ribeirão Preto Medical School/University of São Paulo, located in Ribeirão 
Preto, State of Sáo Paulo, work with the Public Health System. The Clinical 
Hospital of Ribeirão Preto Medical School is one of the centers where the 
patient does not need to pay for fertility treatment; however, the patient must 
cover the cost of medication. Although fertility preservation options are all 
available for the oncological patients, adults and children, not every patient can 
afford it. 

At the beginning of this fertility preservation program, the oncopediatric doctors 
have more often referred the children for fertility preservation counseling. The 
Fertility Preservation Program at Ribeirão Preto Medical School for young children 
and adolescents is the same offered for adults. But, one of the more important factor 
associated to ovarian failure after oncologic treatment is age, in a protective manner; 
thus, these patients are more likely to maintain their natural fertility after chemo- 
therapy. Also, ovarian biopsy for cryopreservation may have a negative impact in 
ovarian reserve, besides the experimental character of this technique. So it is very 
important to individually evaluate a child or an adolescent for fertility preservation; 
all these points should be put to stakeholders, in order to guide their decision. 

The Assisted Reproduction Laboratory of the Federal University of Minas 
Gerais offers semen cryopreservation for both adult and young people who already 
ejaculate and can collect the material, regardless of age (with the informed con- 
sent of the person and when under 18, also of a legal guardian). If semen collec- 
tion is not possible, sperm can be obtained from urine (in cases of retrograde 
ejaculation) or through the epididymis punching and/or testicular biopsy. The 
urology service inside the hospital is their partner in this mission, and they are 
working to extend this partnership to other oncology, hematology, and pediatrics 
departments. The service also offers embryo and mature oocyte cryopreservation 
for woman. 

All the centers feel there is a lack of information for oncologists about available 
fertility preservation techniques, even those still considered experimental. Also it is 
difficult for these professionals to discuss this issue in a very difficult time for the 
family. The centers’ members of the Brazilian Oncofertility Consortium have been 
working together to change this reality, through the dissemination of updated infor- 
mation to physicians of various specialties, other health professionals, and laypeo- 
ple giving lectures at conferences and courses, radio interviews, newspaper, and 
television and most recently publishing the book in Portuguese Fertility Preservation: 
a new frontier in Reproductive Medicine and Oncology (Preservação da Fertilidade: 
Uma nova fronteira em Medicina Reprodutiva e Oncologia) with the support of 
Oncofertility Consortium. 
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Conclusion 


Preservation of fertility in prepubertal children is not yet a reality of clinical practice 
in Brazil. The demand of the youth population is still very small in the whole coun- 
try. Sometimes the service is searched directly by the family, without medical refer- 
ral, for clarification on fertility preservation, which demonstrates an understanding 
and awareness of the patient/family. However, this knowledge is not universal and 
is usually vague and sometimes misleading and obtained through nonscientific 
media. Moreover, in many cases the maintenance of fertility is not even considered 
for the disease that often represents the risk of death. The family concern is gener- 
ally the cure. It is a role of the physician to address this issue with the patient and 
his family at the right time, whenever possible, before the reproductive capacity 
commitment. 

Not all doctors guide their patients to seek fertility preservation services despite 
the recommendations of the American Society of Clinical Oncology. What could be 
the explanations for this fact? Not being sufficiently sensitized to the issue of fertil- 
ity preservation in this group of patients? Why not be part of their routine? Or sim- 
ply by not remembering this possibility in due course? Perhaps the ethical issues 
related to the preservation of fertility in underage individuals by the greater com- 
plexity may present as a limiting factor for some professionals. The difficulties are 
not only ethical and social but also technical, especially the difficulty in indicating 
invasive and experimental procedure for a child. 

Doctors should be encouraged to work in promoting quality of life issues with 
their patients throughout the diagnostic and therapeutic process. Among the numer- 
ous actions involving this purpose, one of them should be the approach to fertility 
preservation possibility with all patients at risk of their commitment, wherever this 
is possible and viable option [5, 14, 31]. 

The medical and scientific communities are aware and dedicated to the study of 
solutions to this problem. The literature up to the present time presents some results 
on non-gonadotoxic treatments (improvements in some protocols such as chemo- 
therapy for acute lymphoblastic leukemia without cyclophosphamide and other 
alkylating agents), gonadal hormone protection (still experimental), germ cell trans- 
plantation (may be an option in the future), xenograft testicular tissue (various strat- 
egies unsuccessfully), autograft germ cell (successfully study in primates), autograft 
of testicular tissue (underdevelopment in humans, including cancer patients at high 
risk of infertility, but seems to be a promising option especially for noncancer 
patients), in vitro maturation of germ cells and follicles (possible option for the 
future showing already promising results), in vitro differentiation of embryonic 
stem cells (spermatogenesis in vitro has been demonstrated and can be an option for 
the future, especially for people with the syndrome of “Klinefelter” and “Sertoli cell 
only"), and immature testis culture in three-dimensional system (success differen- 
tiation to the spermatid stage in mice). In short, so far the most promising option for 
fertility preservation in prepubertal boys on stage seems to be the cryopreservation 
of testicular tissue obtained by testicular biopsy (“testicular tissue banking") and for 
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girls the option of ovarian tissue cryopreservation. However, this is still an experi- 
mental method, since the cryopreserved testis tissue transplantation techniques have 
not been established in human and transplantation techniques of ovary still consid- 
ered experimental. Both require more studies to be implemented in clinical routine. 
One of the ethical questions related to these cases would be: can an experimental 
technique that has potential benefits and possible risks be offered to minors? This 
and many other questions are yet to be answered. What are the clinical indications 
and the ideal time to perform testicular and ovary biopsies? What are the best strate- 
gies to monitor contamination by malignant cells? What are the best cryopreserva- 
tion protocols for differentiation of male and female germ cells in vitro? What are 
the best strategies and culture conditions for human spermatogenesis and folliculo- 
genesis in vitro [5, 8, 16, 22, 34]? 

Fertility preservation options will only be offered to patients if the knowledge of 
oncology providers leads them to appropriately identify patients at risk and if they have 
appropriate resources to support their patients in fertility preservation decision-making. 

Optimal care of pediatric cancer patients undergoing gonadotoxic therapy should 
include enrollment in available clinical trials that will continue to refine knowledge 
of the effects of therapy on fertility for both male and female patients. Patients and 
families need information at diagnosis regarding the potential impact of therapy on 
fertility as well as referral to appropriate specialists for fertility preservation when 
desired. Studies and resources that allow potentially fertility-sparing interventions 
such as ovarian cryopreservation will not only need to be expanded, but adequate 
education and support for oncology providers who screen for patients at risk will be 
key. For patients that did not undergo fertility-sparing procedures prior to treatment, 
careful monitoring of reproductive function is warranted, and current technologies 
will still allow many of those patients to parent their own biological children. 

At this time, it seems there are more issues and questions than answers. But we 
believe that in the near future, effective and safe strategies to benefit children who 
are in fertility impairment risk will be implemented. And this must be one of the 
public health service targets in our country. 
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